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FieLp Notes ON CLINOSTOMUM MARGINATUM WITH A CONTRIBUTION TO 

irs Lire Hisrory. 

Preliminary Report —W. M. SMALLwoop. 

It is common knowledge among those who frequent the several 

Adirondack Ponds during the summer months that the perch and 

often the bass are considered unfit for food because of the numerous 

parasites in their skin and in their flesh. The usual term heard from 

the guides is “grubby” when referring to the summer perch. A 

number of woodsmen have been consulted in reference to the time 

of the spring when they have first noticed the “grubs” in the perch 

and as to how long they remain. The writer has yet to find any one 

who knows anything definite concerning either of these important 

phases of the problem but all agree that in the ponds that have the worst 

infected fish in summer, perch free from parasites are caught in the 

winter and early spring. 

For the past ten years the writer has usually reached the Adirondacks 

about the middle of June and by that time most of the perch are unfit 

for food as a result of parasitism. This is a condition, however, 

which seems to develop rather rapidly, possibly in about two weeks, for 

usually no trouble is experienced the last of May in securing plenty 

of perch entirely free from skin and flesh parasites. 

3efore any remedial measures of lasting benefit can be devised we 

must know the conditions under which these annoying parasites live 

and how they come to the adult stage. This is a report of a study of 

some of the more important biological conditions involved in an 

analysis of the problem. As a contribution to the life history, it is 

to be regarded as of a preliminary nature only. 

Two species of Trematode parasites are found, the larger being 

the common flat-worm, Clinostomum marginatum, and the smaller one 
“ 

of the genus Holostomum. The phrase “ grubby” perch has reference 

to the presence of Clinostomum which is usually imbedded in the flesh 

and shows as a whitish spot through the skin. Field studies covering 

hundreds of specimens show that these Trematodes (C. marginatum) 
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are to be found on all parts of the body. On June 24, 1913, forty-four 

perch were studied with the following distribution of the parasites 

as seen through the skin: head, 38; gills, 5; trunk, 82; tail, 78. On 

August 7, 1913, one perch was taken which had over 30 fully developed 

Clinostoma encysted around the mouth cavity alone. 

Judging from one summer’s study, the number of adult parasites 

in a perch varies from month to month. This seemed to be noticeable 

early in August when a smaller average number of the “ grubs ” was 

found than late in June. Certainly the perch secured in September and 

especially in October were not as extensively infected as those taken 

early in the summer. 

The ponds studied this past summer were selected because previous 

experience led me to believe that the perch were practically free from 

“grubs ” in certain ponds. All of them are located in Franklin County 

and in Townships 19 and 20. Three pairs of ponds were selected as 

follows: West and East Pine Ponds; Copperas and a small mud pond; 

Follensby Clear and a nearby pond called Green Pond. The perch in 

East Pine, Copperas and Follensby Clear Ponds are and have been 

badly infested with Clinostoma for years, while in West Pine, in the 

mud pond near Copperas and in Green Pond, one may catch a fine 

mess of perch nearly all of which will be entirely free from parasites. 

All six of these ponds are practically spring-fed ponds. Copperas, 

Follensby Clear and East Pine each has an outlet. The water varies 

in depth from shoals so shallow that one must pole the boat to large 

areas 30 feet or more in depth. Some of the ponds are almost en- 

tirely free from weeds or lily-pads while others have many aquatic 

plants. The bottoms are muddy, sandy or gravelly. West Pine and 

East Pine Ponds are separated by a ridge some 300 feet wide; a much 

lower ridge of less than 250 feet separates Copperas and the mud-pond 

near it; while a strip of land of about 4oo feet lies between Follensby 

Clear and Green Ponds. No constant physiographic factor was observed 

as belonging either to the ponds where the fish were parasitized or to 

those where they were non-parasitized. (Herons and Kingfishers were 

as frequently seen flying from one as from another). The shallow, 

muddy-bottomed pond near Copperas Pond contrasts strongly with 

the gravelly bottom and clear water in Green Pond, and yet 80 per cent 

to go per cent of the perch taken from each were free from parasites. 

Where does Clinostomum spend the winter? This question cannot 

be definitely answered at this writing. But the fact that perch are 

secured during the winter free from “ grubs” would indicate that they 

do not remain in a passive state in the perch until eaten by some bird 
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as held by Osborne ’1r. Perch packed in moss and expressed from 

Lake Clear, N. Y., to Syracuse, in the middle of September, 10913, 

contained about ten parasites each, but on arrival more than two- 

thirds of them had escaped from the body of the dead perch and were 

themselves dead in most instances. They were found on the skin of 

the perch (completely extended). But not all of them had emerged 

and those still encysted in the muscles were alive when released. 

Examining the perch it was easy to discover where the parasite had 

crawled out. Those in the cyst were about ready to escape because in 

many instances when the whitish spot was pressed upon the parasite 

would emerge. The walls of the cyst and the muscles immediately in 

contact with it were partly dissolved indicating that Clinostomum 

has the power to cause the walls of the cyst, the surrounding muscles 

and overlying skin to disintegrate. This would seem, moreover, to 

be a natural process but is one that was not observed to take place 

during the summer when dead perch were kept several days.* This 

may be the normal process employed by the worms in the fall to free 

themselves from the perch, as fish free from parasites are found in 

the winter and early spring. Certainly this method of escaping throws 

new light on their habits and suggests that fish-eating birds are not 

necessary to complete their life history. For parasites probably do 

not make their escape in the fall until after most of the birds that 

feed upon perch have migrated, and even if the birds had not migrated 

there would be small chance of the parasites being eaten after they 

reach the water. But where and how the adult Clinostomum, its eggs 

or larvae spend the winter is unknown at present. 
ae 

One often hears the guides say that the perch become “ grubby” as 

soon as the water warms up in the spring. All of the ponds examined 

thus far are spring-fed and into some a cool brook empties or on the 

shore one Or more springs are to be found. This is particularly the 

case at the upper end of Copperas where several springs are to be 

found, the water of which many campers have enjoyed. At the foot 

of a large tree a splendid spring runs into Copperas and some of 

the worst infected perch found during the summer were taken from 

the shore while standing beside this spring. Wells driven six or eight 

feet deep on the islands in Follensby Clear supply campers with plenty 

* This same phenomenon was again observed May 28, 1914. This 

time the parasite escaped within an hour after the fish were caught. 

I believe that these parasites had remained in the flesh of the perch 

all winter. 
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of very cool water and yet the perch in the surrounding ponds are 

badly parasitized. It is certain that these spring-fed ponds harbor 
parasitized perch even where the water is coolest. 

The food of the perch was examined with some care on each trip 

in the several ponds kept under observation during the summer. The 

first dozen fish examined gave as much variation as was found during 

the entire summer. Snails, caddis-fly larvae encased in tubes of sand 

or sticks, an occasional dragon-fly larva and small minnows constituted 

the range of food for the perch as observed in these ponds. One 

perch was taken that had recently eaten a minnow (probably Pime- 

phales notatus) which had a Clinostomum inbedded in the tail. The 

minnow was partially digested and one Clinostomum lay exposed and 

dead in the flesh of the minnow. It is well known that the pickerel 

feed upon the perch, and finally after much endeavor one was taken 

which had recently fed on a parasitized perch and in which the condi- 

tions were ideal for determining the fate of Clinostomum in the 

stomach of the pickerel. It was found on the mucous membrane of 

the stomach and was dead. In these two observations both parasites had 

the characteristic dull whitish appearance of the dead worm. The 

digestive tracts of several pickerel were examined critically and in no 

instance were any living Clinostoma found. It would seem from these 

two observations that the Clinostoma encysted in the flesh of fish when 

eaten by the perch or pickerel are quickly killed in the stomach and 

eventually digested. 

The genus of flatworms known as Clinostomum has been familiar 

to American Trematode experts since Joseph Leidy in 1856 first 

noticed a cyst on the gills of the sunfish. Osborne, ’11, summarizes 

the several contributions that have been made to the distribution and 

occurrence of Clinostomum marginatum in North America. The 

several observers* report the finding of this parasite in the intestine 

of the pike Esox, upon the gills or encysted in the muscles of the 

perch Perca flavescens, in two species of bass, Roccus lineatus and 

*Linton, E. R., 1910. The diagnosis of a case of parasitism in 

the brook trout. Proc. Seventh Internat. Zool. Congress, Boston, 1907. 

* Osborne, H. L., t91r. On the distribution and mode of occurrence 

of Clinostomum marginatum, a trematode parasite in fishes, frogs and 

birds. Biol. Bul. Vol. 20. 

* Cort, W. W., 1913. Notes on the Trematode genus Clinostomum. 

Trans. Am. Micr. Soc. Vol. 22. 
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Figure 1. View from the ventral surface of Clinostomum mar- 

ginatum, from a specimen from the throat of Ardea herodias, fixed 

under compression in acqueous corrosive sublimate, stained in borax- 

carmine, magnified twelve diameters. From Osborne. (Reproduced 

by permission of author and Wistar Institute of Anatomy.) 
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Micropterus dolomieu, in the brook trout, Salvelinus fontinalis pallidus, 

and in two species of sunfishes, Eupomotis pallidus and Channobryttus 

gulosus. I can add to this list the common bullhead, Ameiurus ne- 

bulosus, and the blunt-nosed minnow, Pimephales notatus. The perch 

and bass of the Adirondack ponds are usually infested with this para- 

sitic pest throughout the summer. [| have been told, but have not 

seen specimens as yet, that the perch in other parts of the State are 

parasitized with this same flatworm. The general distribution of 

Clinostomum, not only in New York State, but generally in the 

Eastern part of the United States and in many places in Canada, 

makes it very desirable that some means be devised for preventing 

f, 
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FraurrE 2. A Cyst of Clinostomum marginatum in place among the 

muscle fibers of the bass, from Nebish, Michigan, from a glycerine 

preparation after teasing off part of the muscular tissue. From 

Osborne. (Reproduced by permission of author and _ Biological 

Bulletin.) 

its further spread and reducing its damage in such a wide extent of 

territory. In the Adirondacks practically all of the perch and many 

of the bass are rendered unfit for food. Certainly the problem is one 

of some economic importance. 

Three observers have reported finding the adult worms in the diges- 

tive tract of the bittern, Botaurus minor, in the heron, Ardea herodias, 

in the herring gull, Harus argentatus, the stork, Mycteria americana, 

and the black-crowned night heron, Mycticorax naevius. 
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The encysted Clinostomum has a characteristic appearance in the 

muscles of the fish where it occupies a space in the endomysium. 

The worm fills the cyst and has a whitish appearance. Within the 

cyst the worm is bent twice, both times with the ventral surface out- 

ward. When the living worm is released from the cysts, it begins to 

crawl about on the skin of the fish or on one’s hand. Osborne 

distinguishes two poses which he designates as the ‘“suctorial and 

swimming.” It does not seem to me that these are really as distinct 

as he points out, for when the animal is on the skin of the fish it 

makes a variety of movements, chiefly with the anterior end of the 

body, that might belong to any one of several poses. Unfortunately 

no experiments have ever been tried to determine just what the worm 

would do when brought in contact with another living fish in the water. 

Figure 3. Drawn from a specimen of Clinostomum marginatum 

which had been removed from the cyst after fixation in alcohol and 

relaxed by slight maceration; from a bass taken at Nebish, Michigan. 

From Osborne. (Reproduced by permission of author and Biological 

Bulletin.) 

The problem of how and at what spot these worms enter the body 

of the fish is still unknown. 

Osborne gives a table of measurements for the adult in which the 

length ranges from 3 millimeters to 8 and the width from .9 to 2. 

millimeters. The worms that I have taken from the perch, particularly 

those taken in September, are much longer, some being 10 mm. long; 

the width, however, ranges about as given by Osborne. The most 

of my specimens are from 5 to 8 mm. long with several Io mm. These 

long specimens were taken throughout the summer. As suggested in 
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the early part of this study, I am inclined to believe that the small 

worms about 3 mm, long may be considered as young worms and that 

they will grow longer before making their natural escape from the 

body of the perch in the late fall. The mere fact that the reproductive 

elements have developed does not necessarily mean that the worm is 

full grown, because I have found the gonads differentiated in some 

of the smaller specimens even before the anterior sucker is well 

developed. 

With a hand lens one can easily identify the two suckers, the oral 

Figure 4. Sketch of living animal in “suctorial pose” as seen 

from the ventral side, from bass taken at Nebish, Michigan. From 

Osborne. (Reproduced by permission of author and Biological Bulle- 

tin.) 

and ventral. Osborne says correctly that “the mouth opening lies 

in the center of the oral field and leads into the cavity of the oral 

sucker. The sucker is nearly spherical and is much smaller than 

the ventral sucker, measuring ¢.28 mm. long and 0.25 mm. across. It 

has the usual cuticular lining and heavy muscular walls composed of 

fibres running in various directions,” 
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Ficure 5. A partly schematic view from the dorsal side, combining 

facts from several sections of a frontal series. The vitellaria are not 

yet developed, the uterine sack is not dilated, the excretory collecting 

vessel is omitted from the right side and the recurrent vessel from 

the left, parts on different levels are shown on the same level. Magni- 

fied twenty-seven diameters. Crs. Cirrus sac; Exbl. excretory bladder; 

Excy. collecting vessel of excretory system; Exrv. recurrent vessel 

of excretory system; Int. intestine; mt. metraterm; nv. nerve collar; 

Ov. Ovary; ta. anterior testis; tp. posterior testis; ut. uterus; utsk. 

uterine sack. From Osborne. (Reproduced by permission of author 
and Wistar Institute of Anatomy.) 
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Osborne describes the several organs in the digestive system as 

follows: 

“The pharynx which is generally present in trematodes and usually 

follows close after the oral sucker, is entirely wanting. There is a 

short tube immediately behind the oral sucker which, after running 

ventrally a short distance, makes a dorsal bend to meet a transverse 

portion of the intestine. This is the esophagus. The intestine con- 

sists of a part crossing the body transversely which after bending, 

continues as the two long lateral coeca. The wall of the intestine 

is contractile; in life its movements are very conspicuous. The lumen 

is filled with a fine grained material lemon yellow in color. This 

flows back and forward, streaming, the pouches empty themselves of 

it or fill with it and the contractions of the wall may obliterate the 

intestine entirely for a moment. The cavity of the intestine of the 

worms obtained from the bass cysts is filled with thin, flat, four- 

sided crystalline bodies. As soon as the worm has escaped from its 

cyst the strong peristaltic contractions already mentioned force this 

substance backward and forward. At frequent intervals portions of 

it are expelled from the body through the mouth. In worms obtained 

from the heron this material is not found in the cavities of the intes- 

tine. In such worms on the contrary the intestine has been found 

to contain a coagulated fluid substance with blood corpuscles scattered 

through it, which upon careful examination were found to be identical 

with blood corpuscles taken from the heron.” 

The color of the fluid in the intestine is not uniformly a lemon 

color but may be-a dark brown to almost black. The amount of 

substance in the two lateral coeca seems to vary in the several worms 

examined and in the two coeca of an individual worm. A study of the 

contents of the coeca in the killed specimens is not satisfactory but 

I am able to make out roundish bodies and a matrix which readily 

absorbs stain. 

Sections of the intestine filled with these bodies were submitted to 

Dr. W. A. Groat, Professor of Microchemical Analysis of the College 

of Medicine, Syracuse University, and he was unable to find any 

evidence of hemoglobin or the products of hemoglobin in these bodies. 

Professor Charles H. Richardson, of the department of mineralogy, 

examined this material and reports as follows: 

“The stained material was uniformily dark during the complete 

rotation of the stage of the petrographic microscope under polarized 

light. No clue as to composition was afforded by this polarization. 

The material was then treated with water at normal temperature 
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Original by Richardson 

FicurE 6. 1. Composed of three sets of pinacoidal planes. 2. Com- 

posed of the same three sets of pinacoidal planes but modified by an 

orthodome. 3. The face of a prismatic form where the inclination of 

the clino axis is less than one degree. 4. Twin crystals where the 

twinning place is the ortho axis. 5. Composed of two sets of pina- 

coidal planes and two ortho domes. 6. A prismatic form terminated 

at either extremity by a pyramid. 7. A prismatic form terminated by 

a basal pinacoid, two clino domes and an ortho dome. C. H. Richardson. 

Ez 
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and failed to pass into solution. It was further treated with concen- 

trated nitric acid when the stained product passed immediately into 

solution. The nitric acid was allowed to evaporate completely. Upon 

a re-examination of the slide some thirty or more well defined minute 

crystals appeared. These were magnilied 84 diameters and carefully 

studied under polarized light. The first six forms represented in the 

above legend were unquestionably present and perfectly formed. The 

seventh was apparently present. The forms are all simple and in the 

monoclinic system of crystallization. The crystals are soluble in water. 

“Commercial hippuric acid is slowly soluble in water, readily soluble 

in concentrated nitric acid, and similar crystals form upon the evapora- 

tion of these solutions. All of the forms represented in the diagram 

have been duplicated with commercial hippuric acid.” 

The study of sections from several animals reveals the fact that 

these bodies exist in the tissues of the intestinal wall and adjacent 

cells as well as in the lumen. When the stain is extracted, there 

frequently remains a deeply staining center. If these bodies were 

crystalline as Osborne holds, the stain would appear on the edge 

or penetrate along the planes of cleavage. This it does not do. 

If it can be shown that these bodies have accumulated during 

the encysted period of the worm, then it will indicate an unusual 

amount of metabolic activity for an animal in a supposedly quiescent 

state. 

Clinostomum marginatum possesses both organs of generation, the 

testes and ovary. In this sense it is to be regarded as an herma- 

phrodite. The question of whether the eggs are fertilized by the 

sperms grown in the same animal no one has attempted to answer 

because the facts are unknown. From figures one may see the position 

of the two testes and that a convoluted (much coiled) tube serves 

to carry the sperms to the exterior. Osborne says that the testes 

are made up of cells, each of which, in some bass worms, is almost 

completely filled by the very large nucleus. This is poor in chromatin 

and has a very large, readily staining nucleolus which indicates the 

inactive stage preceding development of the sperms. In other bass 

specimens are cells showing various phases of sperm transformation. 

In the worms from the heron the testes contain fully developed 

spermatozoa scattered among the active cells. The ovary is a small 

oval sack located between the testes. The oviduct eventually passes 

externally to the anterior testes on the left side and empties into a 

large sack termed the uterine sack. The uterine sack may be greatly 

distended in mature worms or as seen in optical section appear as a 



Figure 7. View combined from sections of a sagittal series, showing 
together organs which are on different levels, mouth, ventral sucker, 

genital organs and excretory pore are median while the intestine and 

the collecting and recurrent excretory vessels are lateral. Magnified 

twenty-seven diameters. Crs. cirrus sack. Exbl. excretory bladder; 

excy. collecting vessel of excretory system; exrv. recurrent vessel 
of excretory system; gpo. genital opening; Ic. canal of Laurer; mt. 
metraterm; ny. nerve collar; oes. oesophagus; pml. longitudinal 

muscles of the parenchyma; ta. anterior testis; tp. posterior testis; 

utsk, uterine sack; vd. vas deferens. From Osborne. (Reproduced 
by permission of author and Wistar Institute of Anatomy.) 
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slit. The sack is connected with the exterior by a duct extending from 

its posterior end. 

A better appreciation of the difficulties involved in unravelling the 

life history of Clinostomum may be had if we outline what is known 

about the development of some of the other distomes. This group 

of flatworms is exclusively parasitic throughout life in the early 

and mature stages. Ihe egg is enclosed in a chitinous shell and 

supplied with a mass of food cells. These eg 

the host. In one species (Cryrodactylus) the eggs develop in the body 

gs may be attached to 

of the parent. The egg of Polystomum hatches six weeks after ovipo- 

sition, producing a minute larva (.3 mm. long) which swims about 

freely; but 1f in twenty-four hours it does not become attached to a 

tadpole, it dies. After finding a suitable host it attaches itself and 

eventually reaches the bladder by traveling the length of the digestive 

canal. Here it remains three years before attaining maturity. 

The development of distomes is indirect and the life history often 

very complicated. From the egg a larva arises which enters a tem- 

porary host. Gamble says that “the larva gives rise by a peculiar 

process to numerous individuals of a second larval form, and these 

usually produce a third form from which the minute immature trema- 

tode is developed.” Thus a large number of sexual individuals may 

be derived from a single egg. The larvae usually live in molluscs, 

the mature worm in vertebrates and the immature but metamorphosed 

trematode in either host. 

The majority of distomes are hermaphroditic and many are capable 

of self-fertilization. In such cases the sperms ripen first and pass over 

into the uterus. The so-called egg consists of a fertilized ovum and 

a mass of yolk-cells. After the larva becomes attached to its host, 

it may degenerate into a sac-like structure full of germ cells and in 

this stage is designated a “sporocyst.” The masses of cells in the 

sporocyst may give rise to another generation of larvae. Certain 

structures become characteristic of this larva, such as a pharynx and 

straight digestive sac. The name “redia” has been given to this 

second larva. The rediae move about in the sporocyst and eventually 

burst the wall, thus escaping. The free rediae may give rise to a 

number of new individuals, the “ cercariae.” Gamble* states that 

“the cercaria is just visible to the naked eye and has an oval or dis- 

coidal body and usually a long tail of variable form.” The body 

of the cercaria contains in miniature all the organs of the adult. 

*Gamble, F. W. 1910-11. Trematodes. 
The Encyclop. Brit. 77 edition, Vol. XXVII. 
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From the above it may be readily inferred that the task of working 

out the full hfe history of many Trematodes is beset with many 

difficulties. All of the stages are subject to considerable variation 

and in many the life history is much condensed or abbreviated. First, 

one must know how many hosts are necessary for the complete devel- 

opment of Clinostomum marginatum. The size and form of the 

so-called mature worms in the throat of birds does not differ from 

those released from the cysts in the fish. Some of those which I have 

taken were 10 mm. long and exceed in length those found in birds. 

Thus far very little information has been gained from the study of 

these worms in birds. This is mostly due to the irregular and in 

most cases to the accidental manner in which the birds have been 

studied so far as the problem of fish parasites is concerned. The 

writer hopes that permission may be obtained to make a systematic 

examination of the herons in the Adirondacks this coming summer. 

If they prove to be the real distributors of these parasites, there is 

VE mes 

Original by W. M. Smallwood 

Figure 8. Larval flatworm with a pair of intestinal tubes with a 

few round bodies forming between them. .03 mm. long; .06 mm. 

wide. From snail, Amnicola limosa. Original. 

certainly an additional reason why the law which gives them such 

complete protection should be changed. 

Enough observations are now on record to make it reasonably certain 

that Clinostomum may live for an undetermined length of time in 

several of the water birds. But where the early stages are passed is 

unknown. The wide distribution of this parasite suggests that one 

of several invertebrate hosts may satisfy the requirements of its larval 

development. The snails taken from the stomach of the perch in East 

Pine Pond were identified by Doctor Dall as Amnicola limosa Say. 

This nail is oviparous, depositing a single egg in each capsule. The 

snails, together with other animals, were placed in formalin to be later 

examined. Some of them were partly digested and no special pains 
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were taken to insure careful fixation. When the different organs 

were studied for possible larval stages, some of the snails revealed 

the presence of a large number of brownish bodies in the liver. These 

bodies are elongated and in a few instances show what I believe to be 

a pair of intestinal tubes. The action of the digestive processes in 

the stomach of the perch which breaks down the tissues of the snail 

does not have any effect on them. The body seems to be covered with 

a thick cuticle and after fixation with formalin I am unable to make 

out any cells. This might be taken by some to argue against their 

being separate organisms. As further evidence of the correctness of 

this interpretation, three flatish worms were found .7 mm. in length 

while dissecting the organs of a snail preparatory to making sections. 

The snail which contained these three worms was so macerated as a 

result of the digestive changes that the organs fell to pieces when taken 

from the shell. I feel reasonably certain that each of these worms 

contains a pair of digestive tubes, while the space between the branches 

Original by W. M. Smallwood 

Ficure 9. Later larval stage of flatworm with the intestinal tubes 

clearly defined and the intervening space packed full of round bodies 

similar to those shown in figure 8. 1.2 mm. long, .2 mm. wide. From 

snail, Amnicola limosa. Original. 

of the intestinal tract is packed full of round bodies. The color of 

these worms is identical with those found in the liver. Their reaction 

to stains is the same, so that those found in the liver impress one as 

being but a younger stage. The fact that these brown bodies do not 

occur in all of the snails and the further fact that larger specimens 

were secured suggests that I] have part of the life history of one of 

the flatworms, but which one cannot be stated at present. The crucial 

test will come when the living tissues are examined which I plan to 

do next summer. 

It is possible that the larval stages exist in the muscles of the perch. 

When the muscles of the perch are carefully examined, especially 

along the back, one frequently finds a number of small cysts. Osborne 

has given a careful description of the cysts of Clinostomum margina- 
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tum as to number of layers, the amount and arrangement of the con- 

nective tissue, etc. His account of the parts of the cyst apply to these 

small cysts both as to general appearance and as to structural detail. 

I have thus far found it very difficult to get the fixing fluids to pene- 

trate this cyst and when I have attempted to remove the cyst, the 

worm has been greatly distorted and torn. These cysts are not all of 

the same age, for part of them are oval with a blunt process on one or 

each end that is in contact with the muscle. These younger cysts 

do not have the walls of the cyst well developed as the stain will 

penetrate as it will not in the older ones. JI have not been able to 

section the latter in paraffin because the alcohol and clearing oil as well 

as the paraffin did not penetrate. So far as I have been able to 

determine with the limited amount of material at my disposal, two 

distinct stages are represented. In the older cysts, the young worms 

Original by W. M. Smallwood 

Ficure 10. One of the smallest and youngest of the cysts found in 

the muscles of the perch. There are four round bodies which take 

a deep stain but the cells are not as yet organized into definite organs. 

8 mm. long, .6 mm. wide. Original. 

have a well developed oral sucker, digestive and reproductive organs. 

I have not been able to homologize all of the structures with those in 

the adult due to unsatisfactory sections but so far as I have gone the 

results indicate that this is a young stage of the adult. The younger 

cysts are filled with a mass of loose cells and connective tissue contain- 

ing from one to three distinct round bodies. These round bodies take 

a deeper stain and vary much in size. Each is surrounded by a con- 

centrically arranged layer of connective tissue. So far as has been 
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determined, these bodies appear to be of growing larvae but as yet 

the cells are not arranged into organs. [| have found these cysts in the 

muscles as late as October 21st. An attempt is being made to study 

these conditions throughout the winter and early spring. I expect to 

find that these cysts remain in the muscles all winter and during the 

early spring transform into the large worms with their well known 

cysts. 

Original by W. M. Smallwood 

Figure 11. Older cysts from muscles of perch in which the several 

layers in the wall of the cyst are present and the larval worm has 

a clearly defined digestive and reproductive system. The presence 

also of the oral and ventral suckers clearly indicates that these are 

early stages of Clinostomum marginatum. In the large one the cyst 

is 1.1 mm. long, .6 mm. wide, as compared with 3.5 mm. long for those 

described by Loess. The larval worm being .72 mm. long and .4 mm. 

wide. Small specimen has a cyst .8 mm. long, .5 mm. wide. Larval 

worm .65 mm. long, .35 mm. wide. Original. 
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SUM MARY. 

1. The physiographic conditions of the several ponds studied do 

not explain the distribution of parasites in the perch. The extensive 

distribution of Clinostomum marginatum indicates that a wide range 

of conditions allow the adult to reach maturity. 

2. The general form and appearance of the so-called adult worm as 

found in birds does not differ from those taken from the cysts of 

the perch, 

3. The brownish bodies found in the liver of the snail and the 

minute cysts found in the muscles of the perch suggest that this rep- 

resents part of the life history of Clinostomum marginatum. 
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A NEW SPECIES OF PITYOGENES.* 

J. M. Swatne. 

Pityogenes hopkinst u. sp. Description of the female 
type. Length, 2 mm.; width, .75 mm.; color, black with the 
elytra dark reddish brown on the caudal two-thirds, the legs 
and antennae piceous. 

The head has the front convex, moderately, closely, rather 
roughly punctured, with a subcircular, deep, median impres- 
sion behind the epistoma, in diameter about equal to the 
width of the eyes, the sides of the pit clothed with minute pu- 
bescence, which forms a dense mat over a paler area between 
the pit and the epistomal margin; the epistoma fringed with 
long pale yellow hairs; the remainder of the front with 
slender hairs; the vertex and genae shining and transversely 
finely aciculate; the eyes entire; the antennal club sub- 
circular with two strongly marked, very broadly arcuate 
sutures. 

The pronotum slightly longer than wide, rather regularly 
projectile-shaped, faintly constricted before the middle; 
widest near the caudal margin; narrowly rounded in front; 
the cephalic half rather coarsely asperate in subregular 
rows with the apical margin serrate; coarsely, rather closely 
and roughly punctured behind, the punctures of varying 
size; with a narrow, moderately elevated median carina 
extending caudad of the summit and an irregular smooth 
space on each side behind the middle; the caudal border very 
finely margined; the pubescence erect, rather sparse, mod- 
erately long about the sides but much less than one-half the 
length of the pronotum. 

The elytra are as wide as the pronotum, subparallel, 
faintly arcuate for nearly three-fourths the length, then 
broadly rounded behind as viewed from above; with the 

*A Contribution from the Entomological Branch, Department of Agri-_ 

culture, Ottawa, Canada. ; 
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suture slightly elevated ; the sutur al striae slightly impressed, 
the remaining striae hardly at all impressed except the last 
which is finely, deeply impressed; the strial punctures in 
fairly regular rows, deep, not close, and smaller than those 
of the pronotum ; the interspaces uniseriately punctured, the 
punctures as coarse as those of the striae but more sparsely 
placed, particularly on the basal half; bearing long erect 
hairs; the punctures of the discal inter spaces granulate, more 
strongly towards the declivity ; those of the suture granulate 
to the base on the disc but smooth on the deelivity - the 
declivity distinctly elevated, more strongly and widely 
towards the apex; the sutural striae rather deeply and 
widely impressed and shining, so that the declivity is mod- 
erately distinctly retuse; the interstrial punctures on the 
declivital prominence of each side sparse and granulate; the 
granules of the second interspace on the declivity represented 
by three conical, acute, widely separated small teeth; the 
last coarsest, the first two but little larger than the preceding 
granules; the pubescence sparse but long, stiff and erect. 

The male has the front convex, coarsely granulate and 
closely hairy, without.the median impression. ‘The male 
declivity is very distinct ; strongly retuse with the three teeth 
of the second interspace on the declivity very coarse, the 
first, at the top of the declivity, compressed, recurved, with 
the point directed caudad, the second and third regularly 
conical and very acute; with the second interspace smooth 
on the dise and the fourth and sixth smooth throughout; the 
granules on the outer part of the declivity coarser and the 
hairs longer than in the female. 

This is the most abundant bark-beetle in limbs of Pine 
throughout the eastern part of Canada and the United States. 
The type is in the collection of the Entomological Branch, 
Department of Agriculture, Ottawa. 

In 1868 Leconte described Xyleborus sparsus from one 
specimen taken at Point Kewenaw, Lake Superior. In 
1878 he transferred sparsus to the genus Pityophthorus, and 
several authors have since placed it in the genus Pityogenes. 
The species usually discussed in literature under the name 
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sparsus Lec. and usually found in collections under that 
name, is the common species described here as hopkinst. 

Many years ago Dr. A. D. Hopkins, after whom the species 
is named, indi ‘ated that the common Pityogenes in pine, 
probably the one discussed here, was not the true sparsus. 

The type in the Leconte collection, now in the Agassiz 
Museum at Cambridge, Mass., is a male of the species now 
known as balsameus Lee.; the second specimen in the 
Leconte series is a male of phagiatus Lec.; numbers three 
and four are females and number five is a male of hopkinst ; 
number six is balsameus; numbers eight, nine and ten are 
hopkinst. 

Pityogenes lecontei n. sp. ‘The seventh specimen in the 
Leconte collection, is a distinct species, a female, closely 
allied to hopkinsi, from which it is readily distinguished by 
the different frontal pit. The front is shining, granulate- 
punctuate; with two elongate, approximate foveae, with a 
combined outline longer than wide, situated on the median 
line at the base of the epistoma; the pits separated by a 
narrow median carina; the frontal hairs sparse and fine; the 
elytral pubescence is fine and very short, perhaps abraded. 

Leconte’s description of his type, ‘‘ Head densely pilose, 
with long yellow hair, prothorax ; anterior margin 
fringed with hairs which are half as long as the thorax ;” 
applies well to the type, the first specimen of the series now 
in the Leconte collection, and to the male of balsameus Lec., 
but does not apply at all to the species described here as 
lecontet, nor to the species hopkins:.. It appears certain that 
the descriptions of sparsus Lec., and balsameus Lec., were 
written from the same species and since sparsus is the older 
name it must replace balsameus. 



OBSERVATIONS ON THE LIFE HISTORY AND 

HABITS OF PITYOGENES HOPKINSI SWAINE 

M. W. Briacxman, Px. D. 
(With Six Plates) 

The study of the life history and habits of the various 
members of the superfamily Scolytoidea offers as many points 
of interest either from the standpoint of pure science or from 
the economic aspect as does that of any other group of 
beetles. In spite of this, however, careful study of the 
biologies of this very interesting group of insects has been 
neglected in this country except in the case of a very few 
forms which are of great economic importance. Perhaps 
explanation of this neglect is to be found in the diftculties 
experienced in studying these insects consequent upon their 
very secluded life, as they remain either under the bark or 
within the wood of the host plant throughout their life, 
except for the short time required in finding a new host. 
However, by the exercise of a little ingenuity and of con- 
siderable patience, the main facts of their life histories and 
many of their interesting habits can be observed. This is 
especially true of those members of the group which 
habitually feed and breed in the thinner barked portions of 
cut trees, as the habits of these render them more easy of 
manipulation in the insectary and more amenable to obser- 
vation in the laboratory. 

Most of the observations here recorded were made upon 
insects in artificial cultures in the laboratory, supplemented 
wherever possible by observations in nature. In the labora- 
tory the conditions of moisture, ete., were kept as near as 
practicable to conditions which prevailed in the field and 
observations upon the length of the various stages of the life 
history have been checked up by similar data collected in the 
field. Detailed study of the habits of the insect in making 
its burrow and in guarding it and its behavior under various 

(11) 
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controlled conditions were made in the laboratory, due to 
the fact that the size of the insect studied is so small that 
detailed observations were necessarily made at a consider- 
able magnification. 

The artificial cultures were made by placing freshly cut 
pieces of thin barked white pine hmbs in cylindrical glass 
jars. These pieces were taken from living white pine and 
were in most cases normal in every way. The glass jars 
were some of them closed with a loosely fitting glass cover, 
while others were closed with cheese cloth tied securely over 
the top. Into some of the jars limbs of pine known to be 
infested with P. hopkins: were introduced while into others 
were placed living adult beetles which had been removed 
from infested limbs. Thorough infestation of the new limbs 
oceurred in both, but the results were more prompt in the 
latter case. It was necessary to add water every few days 
in order to keep the pine limbs in condition to furnish suit- 
able food for the beetles and their developing brood. In the 
glass covered jars there was a decided tendency toward too 
great moisture which resulted in the development of fungi. 
In the cloth covered jars on the contrary the difficulty was 
in keeping the pine limbs in a moist enough condition. If 
a considerable amount of water was put in, the lower part 
the limb would absorb too much water while the upper part 
was too dry. best results were finally obtained by alternat- 
ing the two sorts of covers at intervals of several days. The 
occasional drying kept down the development of the fungi 
and also made conditions more like those occurring normally 
in nature where a dry period will alternate with a wet one. 

The cultures were quite successful and a larger percentage 
of the larvae reached maturity than in nature. One inter- 
esting reason for this is that the disproportion of the sexes 
as they occur in the brood burrows was not so great, doubt- 
less because the males were not subject to the dangers by 
which many lose their lives under natural conditions. The 
consequence was that each brood burrow contained the male 
and usually from one to three females while in nature the 
average number of females to the burrow is approximately 
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three. Thus as a smaller number of egg galleries originated 
from each nuptial chamber there was ieee dikelihood ae many 
of them closely paralleling each other, and consequently 
fewer of the larvae in the cultures died of starvation. In 
nature, egg galleries which are closely parallel are very com- 
mon and the engravings show that under such conditions 
many of the larvae do not survive to reach adult condition. 
Hisernation.— Pityogenes hopkinsi hibernates in either 

the larval, pupal or adult condition. Burrows opened late 
in the fall, early in the spring or during the winter are 
likely to contain any or all of these stages. The author’s 
collections include specimens taken at Syracuse, N. Y., in 
September, October, November, December, March, April and 
May, as well as during the summer sath and while larvae 
and pupae were not present in all of the burrows they were 
to be found in others at the same time. However, by far 
the greater number of individuals pass the winter as young 
adults, next in number are the larvae which are usually more 
than half grown, while but a relatively small number spend 
the winter in the pupal stage. 

In all stages the hibernating insects are exposed upon 
removing the bark although the hibernating burrow appears 
to groove the sapwood rather more deeply than at other 
seasons of the year. This is especially noticeable in the 
ease of the larvae. Normally the young larvae burrow en- 
tirely in the bark, merely touching the surface of the sap- 
wood, and only begin to groove the sapwood when they are 
nearly half grown. When taken in the late fall or 
winter, however, even the half grown larvae are found 
in burrows which are nearly entirely in the sapwood. 
The pupae during the winter months occupy pupal cham- 
bers (Fig. 27) apparently similar in all respects to those 
occupied by them at other seasons of the year. The adults 
pass the winter in feeding burrows in the same tree which 
has served them as larval food. While thev have never been 
found hibernating in a new host, there is no reason for 
believing that they never do so, as at other seasons they 
often feed for several days or even weeks in a new host 
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before constructing their brood burrows. The feeding bur- 
rows are a continuation of the larval and pupal burrow and 
at this season of the year are excavated nearly entireiy from 
the sapwood (Figs. 27-28). Those occupied as winter 
quarters have never been observed to possess the so-called 
* ventilation ” openings which are so characteristic at other 
seasons. 

There is good reason for believing that P. hopkinsv hiber- 
nates in the true sense of the word only during the coldest 
winter weather. Burrows opened on mild days in Decem- 
ber contained larvae and young adults which were quite 
active and were evidently still feeding. On being brought 
into a warm room from freezing winter weather, the adults 
show signs of life as soon as the bark is removed and _be- 
come active in a very few minutes. This was shown on 
several occasions when beetles removed from burrows in 
frozen bark began creeping over fresh limbs of pine within 
ten minutes and several actually began new burrows within 
an hour. Some of these burrows were later found to be brood- 
burrows. Specimens of /ps pint Say removed from the same 
limbs remained torpid for a much longer time. 
Emercence.— With the first warm days of spring the 

over-wintered larvae and adults begin feeding voraciously. 
For several days the adults allow their burrows to remain 
closed, feeding industriously in the meantime. These bur- 
dows while they still groove the sapwood include also con- 
siderable of the inner bark. After a few days of feeding 
they carry their mines well out into the outer bark and soon 
make a minute opening through this to the outside (Fig. 
29). This opening is usually spoken of as a “ ventilation 
opening.”’ Its main purpose, however, seems to be to serve 
as a means of disposing of the excrement and the surplus 
frass produced by the adult, although it doubtless serves for 
ventilation also. Small hillocks of ‘‘ saw-dust ” soon appear 
in great numbers on the surface of the bark and if these are 
blown or brushed away it will be seen that each one has 
covered a small irregular opening through the bark. When 
first made this opening is the size of a small pin hole, but as 
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more and more waste matter is pushed out through it, it 
becomes larger and more ragged. 

After feeding for a variable length of time, depending 
doubtless lar eely upon the weather, the young adults choose 
some especially warm day for their emergence. They do 
not appear to emerge in swarms as has been recorded for 
other scolytids by Hopkins (1899) and others, but seem to 
leave the trees singly or possibly a few at a time. The 
habit possessed by some bark beetles of “ swarming” during 
their migration from the old to the new host trees seems to 
be correlated with the possession of one or both of two other 
habits. In Dendroctonus valens Lec. which shows this 
tendency to a marked extent, the brood lives together in a 
common burrow during their larval and young adult, exist= 
ence and such a habit could develop much more readily than 
in a species like P. hopkinsi where the larvae each have a 
separate burrow and the feeding burrows of the young adults 
coalesce only occasionally and by accident. In cases where 
beetles attack living healthy trees, the habit of swarming 
is associated with the fact that a concerted attack upon the 
trees by a considerable number of insects is necessary in 
order to overcome the resistance of the tree and make it a 
suitable place for the development of the brood. 

There seems to be good evidence for the belief that the 
two sexes do not leave the tree together but that the males 
leave the old burrow several days earlier than the females. 
Evidence that this is true is furnished not only by laboratory 
observations but also by observations made in the field. 
After infested limbs brought in from freezing weather con- 
ditions had remained in the laboratory for a few days, 
males were seen to be emerging in considerable numbers and 
to be attacking the fresh pine limbs, while all but a few 
females still remained in the old brood burrows. In the 
field, careful observations were made during the early spring 
at intervals of a few days to determine the exact date at 
which the adults emerge and begin to enter the new host. 
These observations all show that in the field just as in the 
laboratory, the males emerge several days earlier and the 
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earliest males have prepared their nuptial chambers before 
the first females leave the larval host. 

During the past spring (1915) the first record of activity 
of P. hopkins: in the field is dated April 24th when a single 
male was found just completing the nuptial chamber in the 
bark of a white pine limb which had fallen during the 
winter. This was the only burrow found on a limb of two 
‘inches in diameter which was within 100 feet of a con- 
siderable quantity of pine tops and slash which had served 
as a breeding place during the preceding summer and 
which was well stocked with young adults. These infested 
limbs were examined and it was found that only a few 
specimens had emerged, although a week later nearly all, 
except those which from their color had transformed since 
the cessation of cold weather, had left. This definitely places 
the emergence of the overwintered adults as taking place 
during the last week in April for 1915. However as the 
past spring was considerably cooler than usual at Syracuse 
it is probable that emergence usually occurs somewhat earlier. 

Construction or THE EnrRANCE GaLtEery.— In most 
eases where detailed observations have been made of the 
construction of the burrow of bark beetles, it has been re- 
ported that this work has been started by the female in the 
ease of monogamous forms. The observations of H. A. 
Gossard (1913) of the habits of Hecoptogaster regulosus 

Ratz, and of Phloeotribus liminaris Harris, which are 
recorded in considerable detail establish this fact for the 
species he studied. In the case of polygamous forms, how- 
ever, this does not appear to be true. Niisslin (1913) says 
“Bei den polygamen Arten beginnt das Minnchen das 
Brutfrassbild, indem es den Einbohrgang und die Rammel- 
kammer nagt.” My own observations upon Pityogenes hop- 
kinst agree entirely with this statement. 

As has already been shown, the males emerge from their 
host plant slightly earlier than the females and immediately 
seek a Sithabils host and commence excavating a new burrow. 

They prefer to breed in recently cut limbs and tops of 
white pine but will attack standing, dying or dead pine 
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provided the moisture conditions are suitable. They also 
quite commonly attack the trunks of weak or sickly young 
pines (especially in plantations) where the diameter is 
from one to three inches and the bark is still thin. 

A considerable amount of time was spent in observing the 
behavior of the insects when starting their new burrows. 
Most of these observations were made in the laboratory 
upon specimens removed from their hibernating burrows and 
placed in a closed jar with fresh limbs. Limbs were brought 
into the laboratory at 11:00 a. Mm. on March 13, 1915 from 
temperature of about 20 to 22 degrees Fhr. The bark was 
immediately stripped from a number of limbs and _ the 
young adults of both sexes removed from their hibernating 
burrows. Although the burrows contained frost and frozen 
frass the specimens showed evidence of life by weak move- 
ment of their legs. Within ten minutes many had righted 
themselves and were creeping about. They were left in 
covered watch glasses till 2:00 p. m. at which time most of 
them had regained entirely their normal activity. When 
these were placed upon limbs of white pine freshly cut 
from the tree and confined in glass jars, they immediately 
began creeping all over the pieces of limb, carefully examin- 
ing all of the crevices and roughened places on the bark. 

At 4:15 one specimen,:a male, was observed burrowing 

into the bark with its head and about one-fourth of its 
prothorax covered. Another one, a female, was examining 
the bark near and two minutes later had elevated her body 
nearly at right angles to the bark as if about to begin a 
burrow. She, however, was apparently only testing it as 
she abandoned work in less than a minute leaving no dis- 
cernible scar. The female continued scouting about in 
the near vicinity of where the male was working examining 
the bark carefully and poking her head into all the crevices. 
The piece of pine limb was now placed upon the stage of a 
binocular microscope and observations were continued with 
the 32 objectives and No. 4 oculars, using the light from two 
tungston bulbs. The male was undisturbed and continued 
to work steadily and apparently with some effort, push- 
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ing his head into the burrow so that the space between 
prothorax and elytra was considerably lessened. Often the 
entire body was held at a considerable angle to the bark 
(Fig. 7) so that the hind legs were of no use in grasping 
the bark and waved about in the air. While in this posi- 
tion the first and second pair of legs, especially the first, 
were used in grasping the bark. 

In working, the male continually pushed his head into 
the opening never taking it entirely out, and with each 
effort the middle legs could be seen to brace themselves just 
outside the edge of the hole while at times the fore legs 
were entirely in the hole (Fig. 7). As he worked he con- 
tinually shifted his position so as gradually to encircle the 
opening. During this time the worker was often annoyed 
by other individuals, usually females. These usually, how- 
ever, merely felt around with their antennae, but on one 
oeeasion a female butted into him with her head several 
times, causing him to back out of his burrow and move off 
for a short distance. The female then examined the hole 
rather casually and went away, whereupon the male 
resumed his labors. 

By 4:40 p. mu. the burrow had advanced till about two- 
thirds of the prothorax was covered. The fore legs were 
now entirely in the hole (Fig.7) and were used in passing 
cut the frass which was received by the mesothoracie legs and 
pushed away. At 4:45 p. mM. a female again came but the 
male merely waved his legs and did not remove his head 
from the burrow. Two minutes later another male 
happened along. He felt about for a few seconds and then 
butted into the working male and appeared to grasp one of 
his second pair of legs in his mandibles. The worker then 
backed out of the hole hurriedly and began wandering 
about aimlessly on the bark. The disturber poked his head 
into the hole and likewise wandered off. Observations for 
the day then ceased and were not resumed till two days 
later. 

On March 15th at 8:00 4a. mM. six burrows were well 
started in the same piece examined Saturday. All but one 
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of the workers were buried in the bark with only the end of 
the abdomen showing. One specimen was about half way 
in and several were wandering about on the bark. Each 
burrow started was marked for future identification by a 
cross scratched in the bark with a dissecting needle. All 
of the workers but one were males, although several females 

‘were burrowing between the bark and sapwood at the cut 
ends. The one female burrowing through the bark was 
working, however, in the same burrow studied two days 
before and known to have been started by a male. This 
would seem to indicate that while the female of this species 
is perfectly able to burrow the inner bark and sapwood she 
seldom or never burrows through the tougher outer pat of 
the bark, but will on occasion use burrows started by males 

and later abandoned. 
While observing this specimen with the binocular micro- 

scope a male happened along in his wanderings and after 
casually examining the female, chanced to find the cross 
mark scratched in the bark near her burrow. He imme- 
diately began working, biting out minute bits of bark and 
bracing his legs against the surface of the bark. In this 
way he worked along one cross line till he came to the june- 
ture of the two. There apparently finding a more suitable 
foothold, he elevated himself at an angle of about 45 degrees, 
taking the position shown in Fig. 6 and began work in 
earnest. Until the burrow has advanced far enough so that 
the front part of the prothorax is below the surface, the 
burrower seems to be working under considerable difficulty 
and it is apparent that suitable foothold is an absolute 
necessity. <A study of Fig. 6 will make clear how these 
difficulties are overcome. The fore legs are placed at the 
sides of the hole or slightly in front with the spines at the 
ends of the tibiae (Fig. 18) pressed against the bark, usually 
in rough places, while the tarsi extend forward and the 
claws grasp the bark. The ends of the tibiae of the middle 
and hind legs are pressed against the bark. In working, 
the middle and hind legs are straightened more or less with 
each effort of the mandibles mnie the fore legs, gripping 
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rough places in the bark, anchor the anterior end of the 

body and serve as the fulcrum of a lever formed by the rest 
of the body. With each elevation of the posterior end, the 
mandibles are pressed down into the burrow and brought 
into play. As he continued he gradually worked back and 
forth around the hole, entirely encircling it. 

The freedom of movement of the head .is remarkable. 
The juncture of the head and prothorax is practically a ball 
and socket joint (Figs. 1, 3, 4) which allows the greatest 
freedom of movement in ev ery direction. The rapidity and 
range of motion of the head is also no less extraordinary. 
The head can move ventr ally till the mandibles point nearly 
backward and dorsally till the mandibles extend nearly 
directly in front. Lateral movement of the head is no less 
remarkable and often this is carried so far that the greater 
part of the eye is covered by the side of the prothorax. 

The work of making the burrow proceeds rather slowly 
until the hole is deep enough so that the anterior part of the 
prothorax extends below the margin of the opening, when it 
is continued more rapidly. The function of the rugosities 
(Figs. 1, 4, 22) on the prothorax is now quite apparent. 
In working, the insect now braces the dorsum of his pro- 
thorax against the side of the opening with his fore legs in 
the hole, his middle legs braced against the surface oF the 
bark and his hind legs eripping the bark farther back or 
waving in the air (Fig. 7). The rugosities on the prothorax 

now serve as an anchorage and also as the fulerum of a 
lever, and every push exerted by the mesothoracie legs forces 
the mandibles against the opposite side of the burrow. The 
fact that the spines on the prothorax point upward and 
backward (Figs. 1, 22) are of considerable advantage, as 

they readily allow the thorax to slip down farther into the 
burrow and obtain a firmer hold, but will not allow the body 
to slip upward as long as the prothorax is pressed firmly 
against the side of the burrow. The worker still continues 
to circle around and around the burrow while working, 
thus bringing his mandibles to bear upon all sides of it. His 
position is usually nearly perpendicular to the surface 
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(Fig. 7) except when gouging out the center of the bottom 
of the burrow, when he assumes a position as nearly parallel 
to the bark as the depth of the burrow will allow. As the 
hole became somewhat deeper, this part of his work becomes 
harder and this new difficulty is solved by making the burrow 
slightly wider a short distance below the surface (Fig. 8). 
It is apparently quite important that the entrance to the 
burrow be as small as possible. It is made just large enough 
to admit the insect and can then be guarded much more 
readily as we shall see later. 
By the time the prothorax was one third submerged, the 

green inner bark was reached. This was quite sticky and 
pitchy and the borings frequently adhered to the legs, ham- 
pering them considerably. This material was passed up out 
of the burrow by movements of the head assisted at times by 
the fore legs. It was received by the middle legs which 
attempted to deposit it at the edge of the burrow. How- 
ever, this frass often adhered and on attempting to clear it 
away with the hind legs both pairs soon became clogged with 
the sticky material. After trying in vain to free his legs of 
this incumbrance, he backed out of his burrow and took a 
short jaunt, kicking his legs and dragging them over the 
surface of the bark, in much the same way as a boy will free 

his feet of mud. This was entirely successful and he im- 
mediately returned to work. 

The worker now assumed a position which allowed freer 
observation of the action of the mouth parts and head. With 
the prothorax pressed against one side of the burrow and the 
fore legs braced against the other side, the mandibles were 
pressed into the bark and by a rapid twist of the entire 
head a small bit was removed. The frass often adhered to 
the mandibles hampering them badly. The head was then 
turned upward to the margin of the opening and the bits 
of pitchy park were removed by a cleaning motion of the 
maxillae. These moved very freely both laterally and 
antero-posteriorly with a sort of plunger-like movement. 
The fact that the lacinal teeth or hairs are flattened (Fig. 
19) must aid greatly in the performance of this function as 
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they apparently act as scrapers. The fore legs were occa- 
sionally used in helping free the mandibles of frass but were 
usually not needed. Ordinarily they were braced against 
the sides of the burrow with the base of the femur fitting 
snugly in the smooth surfaced groove (Fig. 1, 2) at the 
ventro-lateral sides of the prothorax. 

At the end of two hours work the burrow was advanced 
far enough so that the prothorax was two-thirds covered. 
The middle legs which now were nearly at the level of the 

surface, were still used in gripping the bark. The hind legs 
were flexed against the body and were used only occasionally 
in aiding in the disposal of the frass. At about this time 
the specimen was observed to defcecate for the first time 
and this was continued at intervals of from two to thirty 
minutes from this time on. The foeces was eylindri eal, 
brownish, translucent and quite sticky as was shown by the 
fact that it adhered to the stiff bristles surrounding the anus 
and later adhered to the pile of frass surrounding the en- 
trance to the burrow. 

The condition of the bark was now apparently more 
favorable, but the specimen experienced considerable difh- 
culty in gouging out the bottom of the burrow. This me- 
chanical difficulty was overcome by making the burrow 
wider just under the bark (Fig. 8), thus allowing space for 
his prothorax while his jaws were brought into play upon 
the center of the bottom. In this process considerable range 
of motion was shown at the juncture of prothorax and 
mesothorax. On pushing with his middle legs, the posterior 
part of his body was forced up so that the elytra nearly 
touched the prothorax and on pulling, the body was flexed so 
that the anterior part of the mesothorax was pulled out of 
the prothoracic collar to such an extent as to expose con- 
siderable of the membranous connecting part. 

In order to see just the character of the burrow at this 
stage, the specimen was removed. The burrow was approxi- 
mately the shape shown in Fig. 8. On attempting to return 
him to the burrow, he would not resume work but wandered 
off over the bark moving in a jerky way and apparently 
irritated at the rough handling. 
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On returning from dinner, however, the burrow was found 
to be occupied by another specimen easily distinguished by 
its much lighter color. Evidently he had been working some 
time as his prothorax was completely hidden. He continued 
to work steadily throughout the afternoon and when observa- 
tions ceased for the day at 5 p. m., slightly over half of his 
body was in the burrow, the margin extending midway be- 
tween the middle and hind legs. The middle legs were now 
in the burrow and the hind legs were braced against the sur- 
face of the bark. He apparently continued work through- 
out the night, as at 8 a. Mm. the following morning, the burrow 
had been extended so his hind legs were completely hidden 
and only the last four segments of the abdomen were visible. 
(Shghtly farther than shown in Fig. 9.) 
He now apparently began changing the course of the 

burrow so it gradually came to extend more and more parallel 
to the surface of the bark. By the time observations ceased 
for the day he had penetrated so far that the body was en- 
tirely below the surface, but the posterior end of his body 
was still visible. He again continued work all night as shown 
by the fact that by the next morning the burrow had advanced 
so far in a direction parallel to the surface that only the end 
of his body was visible on looking into the opening (Fig. 
10). The end of the elytra, perhaps one-fourth of them, 
could still be seen by concentrating the light and directing 
it into the entrance. In burrowing he still rotated in the 
burrow working as well upon his back (Fig. 11) or sides as 
in an upright position. As the bark was burrowed out, the 
bits of frass were passed backward by the hind legs. As this 
material piled up behind him and on top of him he would 
back up to the entrance of the burrow, forcing it upward 
where it adhered to form a sort of dome over the burrow. 
When this was touched with a needle it would topple down 
upon him and he would immediately back up and force it 
out again. Although he was teased for five minutes or more 
by toppling the borings in upon him as soon as he had re- 
tired into his burrow, he always immediately backed upward 
until the end of his abdomen protruded slightly from the 
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burrow. He would often partly rotate in the entrance, try- 
ing apparently to arrange the pile of frass more securely. 
As the specimen could not be induced to use other methods 
of disposing of his chips the frass was removed by blowing 
and other experiments were tried. 
Response to Liaur.— Concentrated light from a tungs- 

ton bulb was directed into the burrow by means of a bulls eye 
condenser. ‘The specimen had been hard at work, but imme- 
diately desisted and remained motionless for half a minute, 
when he resumed work as before. A small ruler was then 
passed rather slowly back and forth between the condenser 
and the burrow producing a moving shadow. Only the end 
of his body was visible, but he immediately backed upward 
until the entrance was completely blocked by the ends of his 
elytra. For the first few times this experiment was re- 
peated he responded in the same manner, but thereafter he 
would pay no attention whatever to either a moving or a 
stationary shadow.— In nature a passing shadow might mean 
danger from predaceous or parasitic enemies or it might be 
made by a branch waving in the wind. 

Response to Mrcwanican Srimvit.— Response to me- 
chanical stimuli was then tried. The entire limb was jarred 
by tapping it smartly. He paid no attention whatever, but 
continued his work. Inserting a needle into the bo the 
stiff hairs at the end of the elytra were touched as gently as 
possible. He immediately responded by backing upward and 
completely blocking the entrance of the burrow with the 
posterior end of his body, arranging himself in such a way 
that the declivity of the elytra armed with the three pairs 
of spines was on a line with the surface of the bark as shown 
in Figs. 13, 14. If when stimulated he happened to be work- 
ing with back downward, as in Fig. 11, he would back out 
as shown in Fig. 12, but would immediately revolve so that 

the greatest possible part of the opening was closed by the 
hard spiney elytral declivity (Figs. 15, 14). It is apparent 
that in the position shown in Fig. 12, the insect would be 
much more susceptible to attack than in that shown in Figs. 
18 and 14. It is worthy of note that the entrance burrow 
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always penetrates the bark at such an angle that when the 
insect assumes this “ guarding position ” the elytral declivity 
is on a line with the surface of the bark. 

While the specimen was in the “ guarding position” it 
was stimulated by touching the hairs very gently with a 
needle, first on one elytron and then on the other. It re- 
sponded by crowding as close as possible to the burrow on 
the side stimulated. This response again would be most 
effective in guarding against small predaceous or parasitic 
insects. When the elytron was touched firmly with the needle 
the specimen immediately retreated into the burrow as far 
as it could go. 

Response to Warrer.— A small drop of water was then 
placed over the entrance of the burrow and allowed to enter 
by letting out a bubble of air with the needle. The worker 
immediately backed upward, closing the entrance and remain- 
ing motionless, with the tip of the elytron out of the water. 
More water was added from time to time so that the insect 
and the entrance was entirely covered. While these conditions 
lasted- he made no response to mechanical stimuli and was 
not induced either to leave his burrow or to retreat farther 
into it. The entire body of the insect was kept covered and 
the burrow filled with water for fifteen minutes, when it was 
allowed to evaporate and to seep into the wood. Very shortly 
after the water had sunken below the end of the abdomen 
slight movements were observed and on stimulating with a 
needle some response was obtained. Three minutes later he 
was quite active, moving abdomen and elytra considerably, 
apparently renewing the air supply and drying out the space 
between abdomen and wing covers. This continued for about 
two minutes, when he retreated into his burrow and resumed 
work. 

Similar experiments were tried with another specimen, the 
burrow of which was not advanced so far, only about half of 
the body being covered. He seemed disturbed at first but 
continued to work although the hole was entirely filled 
with water and all of his body but the tip of the abdomen was 
covered. Soon he backed out bringing a considerable amount 
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of frass and allowing the hole to fil! completely with water, 
but resumed work immediately with most of body under 
water. When the entire body was covered he ceased all move- 
ment but still remained with his head and thorax in the bur- 
row.— In nature during a rainstorm he would be more likely 
to survive in the burrow than he would upon the surface of 
the bark as he would be less likely to be washed from the 
limb by raindrops. 

It would seem then that so long as the tip of the abdomen 
and elytra are not covered, water has no bad effect not even 
causing the insect to suspend work. When the entire body 
is covered, however, the air supply is shut off and all move- 
ment ceases till the opening between the end of the abdomen 
and the wing covers again has access to the air. 

Errect oF TurRPENTINE.— A specimen was next re- 
moved from the bark and placed in a watch glass in a drop 
of spirits of turpentine. It struggled violently lashing about 
with its legs and antennae and working its mouth parts. 
Within a few seconds its struggles became less violent, the 
head was withdrawn into prothorax nearly to the level of 
the base of the mandibles and the only sign of life was a 
spasmodic twitching of the legs. This specimen and others 
treated in a similar manner did not recover, showing that 
turpentine is quite deadly if the entire body is submerged. 

A drop of turpentine was then placed in a burrow which 
was so far advanced that the end of the abdomen of the oc- 
cupant was just visible (Fig. 10). He backed out till the 
end of abdomen protruded shghtly, kicking vigorously, with- 
drew shghtly with hind legs kicking and anus opening and 
closing. The specimen acted as if in great distress, plunging 
into and out of his burrow but never leaving it entirely. He 
would back out to level of the prothorax and immediately 
plunge in again till only the ends of the elytra were exposed. 
He was apparently not lacking in vigor as this performance 
was kept up almost rythmiecally for thirty-five minutes, this 
behavior being occasionally varied by his retreating to the 
bottom of the burrow or rotating at the entrance. At the 
end of forty minutes he became fairly easy in his actions 
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but at times was still quite restless as if in some pain. At the 
end of an hour he was apparently normal again and was hard 
at work. The following few days he was very active as shown 
by the large quantity of frass he cast out of his burrow. 

Hight days later he seemed especially solicitous in guard- 
ing his burrow, refusing to retreat even when prodded firmly 
with the needle, and considerable poking was necessary to 
make him retreat for even a short distance into his burrow. 
The burrow was therefore opened by turning back a flap of 
the bark and found to consist of a large nuptial chamber from 
which extended four female burrows. Two of them were 
only just begun while the other two were of considerable 
length and contained a number of egg niches. The flap of 

bark was replaced in its natural position without seriously dis- 
turbing either the male or his four mates. This burrow con- 
tained more females than any other in the same breeding jar 
although a greater number often occurs in nature. It is 
possible that the turpentine used in the experiment was re- 
sponsible, it being a well known fact that the odor of turpen- 
tine will attract many species of bark beetles. 

Disposat or Prrcon.— In nature P. hopkinst will often 

attack living white pine which is unhealthy, but which still 
contains a considerable amount of liquid pitch. Several 
young white pine trees about five feet high which were sickly, 
but on which the leaves were still partly green were found 
at Great Bear Springs near Fulton, N. Y., on May Sth. 
These were just being attacked by the beetles and the trunk 
of one of them was brought to the laboratory. The bark on 
one side of this was dead, while that on the other side was 
alive, green and quite pitchy. The dead side contained no 
beetles, but the pitchy side was riddled with their burrows 
in all stages from that in which the beetle had penetrated 
only about one-third of his length into the bark, to burrows 
containing females, ege burrows and eggs. Many of these 
burrows had tapped pitch ducts and typical pitch tubes (Fig. 
24) consisting of frass excrement and pitch had been con- 

structed at the entrance. Several burrows were observed 
which had been carried just the length of the beetle and into 
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which so great a quantity of pitch had exuded that the 
worker had been unable to dispose of it and had been em- 
bedded in it and killed. 

Still other burrows were found in which only the ends of 
the abdomen were visible, the rest of the beetle’s body being 
in the hole surrounded by pitch. ‘The most pitchy of these 
was chosen for study. When it was placed upon the stage 
ot the binocular microscope and the light condensed upon it, 
the pitch flowed even more freely than before, completely 
enveloping the body of the beetle. He backed part way out 
of the entrance and tried to free his body of the sticky liquid 
by violent movements of the legs and abdomen, at the same 
time opening and closing the space between elytra and abdo- 
men in an apparent endeavor to get air. For ten minutes he 
continued to work in his burrow covered with liquid pitch 
with only the end of his abdomen and elytra protruding and 
even these were often submerged momentarily. At the end 
of this time he backed out with only his head in the burrow 
and his body nearly parallel to the bark and kicked violently, 
trying to force the sticky pitch to one side. As the burrow 
was still full he backed entirely out and plunged violently 
back into it, repeating this a number of times. The harden- 
ing resin was forming a bank about the entrance making the 
burrow deeper and renderi ing it impossible for him to get to 
the bottom of the burrow without the body being completely 
submerged. After trying several times to resume work and 
being submerged each time, he backed entirely out of the hole 
and with his forelegs grasping the margin of the entrance, he 
sidled about half-way round the hole and in this way spread 
the adhering pitch to a distance of several millimeters. 

However, the burrow was still full of pitch and the speci- 
men after trying in vain to resume work, again backed out of 
the hole and leaving it entirely, sidled off kicking violently. 
He proceeded for a distance of 6 mm. spreading the pitch 
as he went, and then turned toward the burrow again. As 
he approached the entrance he came into contact with a small 
pile of frass and partly dried pitch and immediately paused 
and began “ rooting about”, apparently seeking the opening 
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of the burrow. When this obstruction was removed with a 
needle he continued onward and found the entrance. After 
examining the brink carefully he plunged in until only the 
end of the elytra protruded from the liquid resin. Appar- 
ently by trying several methods he had succeeded in dispos- 
ing of enough of the pitch so that the end of his abdomen 
would remain unsubmerged and he could resume work. On 
the following day the burrow was still occupied but was little 
if any deeper than when last seen. All of the worker's ef- 
forts seemed to be needed in keeping the hole from closing, 
with his body, and in arranging the hardening pitch into a 
‘chimney ” around the entrance. Four days later the bur- 
row had been carried no deeper and the specimen was found 
dead in the hole embedded in hardened pitch. 

It would appear to be established then that after the bur- 
row is well started, P. hopkinsi will not be driven from it by 
being submerged either in water or in pitch, and that it will 
continue working in either of these, so long as the breathing 
opening between the ends of the elytra and abdomen is not 
covered. When this is covered with water the beetle immedi- 
ately becomes motionless and remains so until this subsides 
below the level of the end of the abdomen. When submerged 
entirely in pitch it attempts to dispose of this in several dif- 
ferent ways. Usually as shown by examination of numer- 
ous burrows in living pine, it is successful, but occasionally 
it is overcome and is smothered in the sticky material. Only 
a very few pitchy burrows have been found which had ap- 
parently been abandoned and there is always the possibility 
that the insect may have been overcome by a _ predaceous 
enemy or that the body may have been removed by a scaven- 
ger after death. In several cases evidence of this was found 
in the form of portions of the head and legs still embedded 
in the hardened resin of apparently abandoned burrows. 

' Construction oF THE Nuptrirat CuamBer.— It has. al- 
ready been shown that by the time the burrow is deep enough 
to cover about half of the body, the burrowing beetle begins 
to widen it somewhat. It is thereafter continued at such an 
angle that when it is completed and the insect in the guard- 
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ing position, his elytral declivity will be parallel with the 
surface of the bark (Fig. 13). As soon as the entrance bur- 
row reaches such a depth that the declivity is even with the 
bark, it is continued at a sharp angle to its original course 
(Fig. 10) so that it nearly im smediately becomes parallel with 

the surface of the bark. Lf the burrow under construction 
be one intended for breeding purposes, as most of those enter- 
ing through the surface of the bark are, the male construct- 

ing it soon begins widening it out to form a nuptial chamber. 
The length of the entrance burrows varies in different brood 
burrows. In some it is little more than the length of the indi- 
vidual building it, i. e. the nuptial chamber is excavated as 
soon as a position parallel with the surface is reached, while 
in other cases the entrance gallery may be carried hor izontally 
for a distance of several millimeters before it is widened 
out to form the nuptial chamber (Fig. 15). 

The nuptial chamber is a cavity of irregular shape and 
variable size (Fig. 23, a, b, c,d). Itisa flat chamber just 
high enough to accommodate the body of P. hopkinsi. It 
may be coreenucied upon the surface of the sapwood, may 
even grove the sapwood, or may be entirely in the bark. The 
depth at which it occurs does not depend upon the thickness 
of the bark but is determined by the length of the specimen 
constructing it. The size varies greatly and does not depend 
on the length of time the burrow has been occupied, but ap- 
parently depends upon the length of the period in which the 
male constructing it remains a bachelor. It is found on 
opening burrows started at the same time that the nuptial 
chamber in those occupied only by the male constructing it 
are larger than those containing from one to five females 
with radiating ege galleries. The reason for this is clear. 
As long as the male does not succeed in attracting one or 

more females, he continues working at his burrow and con- 
tinues feeding upon the frass he excavates. As soon as the 
females share the burrows with him, his activities are changed 
and he now spends most of his time guarding the entrance 
and removing the frass excavated by the females from their 
ege galleries. He doubtless feeds upon this latter and there- 5 5° 
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fore it is not necessary for him to enlarge the nuptial cham- 
ber. Very often the nuptial chamber is not large enough 
to accommodate the male and his several mates at the same 
time. This does not seem necessary for if the females re- 
quire more than one fertilization, as the females of other 
bark beetles are known to do, they can be accommodated indi- 
vidually while the others remain in their egg galleries. 

There can be no doubt whatever that the male of P. hop- 
kinst invariably begins the brood burrow by constructing 
the entrance gallery and nuptial chamber. The construction 
of many entrance burrows has been observed and this work 
was always started by the male. In several cases where 
males abandoned their work after penetrating half of their 
length into the bark, these burrows were found by females 
and carried deeper, but on opening these after several davs 
the character of the burrow was found to be quite different 
from those made by the males. There was no nuptial cham- 
ber present but the entrance burrow had been continued as a 
simple eylindrical excavation, the female apparently using 
it merely as a feeding burrow (Fig. 23, e). 

To determine definitely which sex constructed the nuptial 
chamber, burrows in a culture started March 20th were 
opened five days later. Of twelve thus examined seven con- 
sisted of an entrance gallery and a typical nuptial chamber 
and each contained a single male and no females, one con- 
tained one male and one female and four were inhabited by 
one male and two females in each. This evidence seemed 
fairly conclusive yet in order that there might be no ques- 
tion a new culture was started April 20th and opened two 
days later. The idea being to allow the work to proceed far 
enough to determine whether it was a brood burrow or feed- 
ing burrow and to examine them early enough (before 
the entrance of the other sex) to determine which sex con- 
structed the nuptial chamber. Seventeen burrows were ex- 
amined. ‘Ten of these each contained a single male and of 
these ten seven showed typical nuptial chambers while three 
had not proceeded far enough for the character of the bur- 
row to be certain. Five burrows were occupied by one male 
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and one female each, one burrow by a male and two females 
and one burrow by a single female. This latter burrow, al- 
though longer than any of the rest, contained nothing similar 
to a nuptial chamber and from evidence furnished by other 
cases was probably a continuation of an entrance burrow 
made by a male and later abandoned. Newly infested limbs 
brought in from out doors, showed also that where nuptial 
chamber was occupied by only one specimen, this was invar- 
iably a male. Thus the evidence indicating that the male 
constructs the entrance gallery and nuptial chamber unaided 
seems absolutely conclusive for this species and without a 
reasonable doubt such is the habit in all polygamous bark 
beetles. 

Marine Hasrrs.— Concerning the details of the mating 
habits of P. hopkinst very little was learned from direct 
observation. Copulation was observed in only one instance 
although several burrows were kept under frequent observa- 
tion with the view of settling several obscure points. It is 
therefore known that copulation occurs in the nuptial cham- 
ber, but whether or not it may also take place outside of the 
burrow is not known, although the tenacity with which the 
male remains in his burrow would seem to indicate strongly 
that such is not the case. It is also not certainly known 
whether a female must be fertilized more than once or not, 
although evidence that frequent copulation such as has been 
found to occur in Ips typographus by Niisslin (1907) and 
in Phloetribus liminaris by Gossard (1913) is not neces- 
sary in P. hopkinsi, seems fairly conclusive. 

The most complete observations upon the later history 
of the brood-burrow and the periods of time which the 
various stages last were made upon ene burrow designated as 
“burrow H” in the writer’s notes. Burrow H was started 
on March 15th. The male constructing it was not particu- 
larly industrious, as was shown by the small quantity of 
frass cast out and also by the fact that the nuptial chamber 
was not completed at the end of five days. At this time 

it was occupied by a male only and the flap of bark loosened 
in order to examine the progress of the work, was success- 
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fully replaced without disturbing him. Two days later, on 
March 22nd, the male was still the sole occupant. The 
nuptial chamber was then completed and he had extended 
this for a short distance at one angle to form a gallery, 
apparently starting an egg burrow. 

The flap of bark covering the burrow was again lifted on 
March 28rd at 1.25 vp. m. and found to be occupied by a 
male and a female in copulation. The position in which 
the two were found is shown in Fig. 16. The female 
occupied the egg gallery which had been started the day 
before by the male but which was now about twice the 
length of the female’s body. The rear end of her body was 
at the level of the juncture of the egg gallery and nuptial 
chamber. The male was in the nuptial chamber his body 
at an angle of about 55 degrees to that of the female. What 
appeared most extraordinary was that the female lay with 
her back upward while the male was in the position shown in 
the figure with his right side up. Whether this is the 
normal position or whether the pair had been disturbed by 
the burrow being opened cannot be stated as this was the 
only copulation observed. The pair remained motionless 
except for slight movements of the abdomen for about one 
minute and a half — long enough for the completion of a 
sketch. They then began to pull each other, first one way 
and then another, evidently trying to pull apart. The male 
finally kicked violently with his hind legs, thus breaking 
loose. The male immediately turned around, apparently 
excited, with his antennae vibrating rapidly and followed 
the female which retreated into her egg burrow. At first 
the female kicked with her hind legs and backed out part 
way, causing the male to retreat. He soon returned, how- 
ever, and lay perfectly still with his head against the side 
of the female’s. After remaining thus for a full minute, 
the female backed up forcing the male away, whereupon 
she immediately resumed the work of extending the egg 
gallery, although the male continued to bother her for ten 
or fifteen minutes by occasionally butting into her.. Although 
the burrow was frequently opened during the next two days 
no other copulation was observed. 
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Tue Kees.— The first few eggs were deposited during 
the next twenty-four hours as several were in position when 
the bark was opened farther on March 24th at 2:00 Pp. m. 
It is probable the first egg was placed within a few hours 
of the time copulation was observed as it was about 4 mm. 
from the nuptial chamber, while the depth of the egg gallery 
at the time copulation occurred was between 41% and 5 
mm. It is known that in other cases the egg gallery extends 
only a half millimeter at most beyond the egg niche when 
the egg is laid. The eggs are placed in little hemispherical 
niches or depressions gouged out of the sides of the egg 
gallery by the female. ‘The niches are considerably more 
than half in the sapwood. The egg is placed so that the 
center is just below the level of the juncture of bark and 
sapwood. Each egg is packed in with frass held together 
by some sticky substance, probably a secretion of the female. 
For several hours this substance does not harden but 
remains sticky and can be drawn out into a thread on the 
point of a needle. Later it hardens slightly and on the 
needle being brought into contact with the plug of frass, a 
portion of this will adhere. The eggs themselves are oval 
in shape about .537—662 mm. in length by .400—.425 mm. 
in width and are usually though not invariably placed 
crosswise of the egg-niche with their long diameter parallel 
to the egg gallery (Fig. 25). When first laid and for 
several days afterward they are pure white in color with 
a pearly luster. 

On March 25th at 2:00 p. mM. just two days after copula- 
tion was observed the male in “ burrow H” was acciden- 
tally killed while opening the burrow. The female, how- 
ever, continued to lay eggs for a period of ten days in all, 
in spite of the absence of the male. The last few days of 
this period, however, her egg laying was at a diminished 
rate, as shown by the smaller amount of frass excavated. 
Finally after April 2nd no more frass was thrown out, 
showing that no more eggs were being laid, although the 
female remained in the burrow till April 8th when she 
left the burrow and was seen no more. During the period 
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of ten days while the female was active, she laid in all 
thirty-one eggs, all of them fertile. This is considerably 
more than the average number. ‘This would make an 
average of slightly more than three eggs per day, but it is 
known that she laid few eggs during the last two days of 
this period, and it is also known that on March 25th she 
oviposited six times. 

The act of laying the egg and packing it in with frass 
was not actually observed but several observations were 
made which make it certain that the process does not differ 
materially from that observed for Hecoptogastar rugulosus 
by Gossard (1913). “A tiny egg niche had been made by 
the beetle before the burrow was opened. After some hesi- 
tation the beetle backed out of the burrow to the outside 
where she immediately turned about and backed into the 
brood chamber. Upon reaching the locality of the niche, 
she distended her abdomen and with it seemed to be feeling 
along the wall of the burrow as if hunting for the niche. 
After a few moments of exploring, the niche was located. 
The lp of the abdomen was then held within the niche and 
a single tiny, translucent egg was deposited therein and 
left standing at right angles or endwise to the burrow. The 
beetle then crawled out of the burrow and entered again, 
head first, and upon reaching the niche she covered the 
ege with fine frass.” On April ist a burrow of Pityogenes 
hopkinst was opened just as a female was completing an 
ege niche. She backed out of her egg gallery to the nuptial 
chamber, turned around and immediately reentered the egg 
gallery backward. Before depositing her egg, however, she 
seemed to become confused, either by the light or by the 
absence of the bark over her, and retreated to the nuptial 
chamber. On March 25th “burrow H” was opened just 
after the female had deposited her egg as it was in position 
in the niche but this had not yet been plugged with frass. 
The female was observed to crawl along the egg gallery, 
head first to the nuptial chamber where she immediately 
went to a pile of frass, took a quantity of this in her 
mandibles and turning around entered the burrow head 
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first. She was apparently intent on packing in the egg 
just laid, but again, doubtless the brilliant condensed light 
caused her to desist. 

Duties or tHE Martu.— With the entrance of one or 
several females into the burrow, the duties of the male are 
changed. Previous to this time his main efforts have been 
directed toward the completion of the entrance gallery and 
nuptial chamber and apparently he continues to enlarge 
the latter until the coming of the female. He then appears to 
cease burrowing entirely, but his duties do not end with fertil- 
izing the females. The females in making the egg gallery, 
necessarily excavate a considerable amount of frass. This 
they push out of their galleries into the nuptial chamber, 
but apparently, under no circumstances, do they cast it out of 
the entrance. This is the duty of the male and if he is 
tending from five to seven females, it is apparently no light 
task, especially if the frass is sticky with pitch. As a usual 
thing he removes this frass by backing upwards, forcing 
a considerable quantity out at a time. Several cases have 
been observed, however, where the frass was unusually 
sticky, where the male was forced to remove it bit by bit 
with his mandibles. He would come to the entrance head 
first, extend half of his body out of the entrance with the 
pitchy mass grasped in his mandibles and would press this 
against the pile of boring, surrounding the entrance till it 
adhered. He would then back down into the burrow and 
repeat the operation. When the male is killed or removed 
from the burrow, the females continue dumping their bor- 
ings into the nuptial chamber till this becomes packed full, 
and cases were observed where part of the ege gallery had 
also been packed in this manner. 

With the accession of females to the burrow, the male 
also becomes much more vigilant in guarding the entrance. 
He apparently spends a considerable amount of time at the 
entrance with his elytra forming a quite inpenetrable 
appearing door (Figs. 18, 14). Even sharp poking with a 
needle will cause him to retreat only a short distance, 
whereas before the entrance of the female he would retreat 
as far as possible if the elytra were but touched firmly. 
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Incusation Prrtop.— The period of incubation of the 
egg of P. hopkinsi in the laboratory is exactly seven days. 
Outdoors it varies with the temperature from five to ten 
days according to observations made this spring (1915). 
Eggs laid March 24th in the laboratory, still possessed on 
March 27th the white color and the translucent pearly 
appearance characteristic of those freshly laid. Two days 
later they were not so transparent and were slightly yellow- 
ish in color. On March 30th, on examination with a good 
hand lens (X 15), a minute brown speck was just visible. 
On studying this at a greater magnification with a binocular 
microscope, it was seen that this brown spot was caused by 
the mandibles of the embryo larva inside. That the embryo 
was still alive was shown by the movement not only of the 
mandibles but of its entire body inside the egg membranes. 
The movement of the mandibles was especially strong and 
was continuous for the ten minutes the egg was under 
observation. The larval head showed a surprisingly large 
range of motion, moving back and forth for nearly the 
length of the egg, the jaws continuing to open and close. 
The egg membranes were still entirely intact although 
slightly wrinkled. It was feared the eggs might become 
dried so after removing one to a hollow ground slide and 
placing it in a moist chamber the burrow was closed. The 
eggs, both in the ege niches and in the moist chamber, were 
examined at intervals during the day, but none had hatched 
when work ceased for the day. One of the eggs was taken 
from the burrow, the outer egg membrane removed by care- 
ful manipulation with dissecting needle and the inner mem- 
brane opened so as to allow penetration. Absolute alcohol 
was then added and later the specimen was stained with 
eosin. The shape of the embryo larva is quite similar to 
that of the larva after hatching. A, camera-lacida sketch of 
one of the mandibles is shown in Fig. 17. The biting edge 
of the mandibles is dark brown. This shades off rapidly to a 
tan brown and this in turn to white so that the entire out- 
line cannot be distinguished. 
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On the following morning, March 31st, just seven days 
from the time of laying, the eggs observed the preceding day, 
were found with the outer end open and the larvae were 
busily engaged with their mandibles on the egg membranes, 
their heads being partly free but their bodies still in the ege. 
With one exception the bodies were still white and trans- 
parent. This one specimen was entirely free of its membrane 
and had carried its burrow nearly half the length of its own 
body into the bark and the contents of its digestive tract 
showed brown through the body wall. The incubation period 
seems to vary little or any in the same burrow. ‘The eggs 
nearest the nuptial chamber which are laid first nearly in- 
variably hatch first, and the burrows of the larvae arising 
from them are correspondingly longer. This condition is 
very clearly shown by Fig. 26. 

Tur Larva.— The larva immediately after hatching is 
from .518 to .580 mm. long by .30 to .382 mm. broad at the 
broadest place which is through the head. It is a footless 
erub, sub-eylindrical in shape, transversely wrinkled. It 
is at first pure transparent whitish in color except the head 
which in the region of the mouth, is a light yellowish tan 
shading off to white at the back of the head and to a dis- 
tinct brown on the mandibles. The larva is widest at the 
anterior part, the head being a trifle wider than through 
the thorax at this stage. The abdomen tapers at first gradu- 
ally, but more abruptly toward the posterior end, which is 
reflexed ventrally. 

Later, after the larvae has fed for some time, the general 
proportions of the body change considerably, the head re- 
maining the same size for several days, while the thorax and 
abdomen increase in all three dimensions. By the time the 
larval burrow is one mm. in length, the thorax is usually as 
wide or evenly slightly wider Toa the head, and it so con- 
tinues to be throughout larval life. At the completion of 
each moult the head increases in size at once and then re- 
mains without growth until the next moult. The covering 
of the body on the contrary seems to remain much softer and 
growth appears to be more of a continuous process. The 
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reason for this doubtless is that the strongest muscles of the 
larvae are those used in burrowing and in chewing, and as 
these are located in the head, the covering of the head must 
necessarily be more rigid in order to afford a firm insertion 
for these muscles. For this reason the size of the head 
following each of the various moults is fairly constant and 
forms a reliable index by which one may ascertain the par- 
ticular instar to which a larva belongs. On the other hand, 
the width of the thorax and the total length of the larva 
varies so greatly that these dimensions are practically value- 
less in getting at the age of a larva. These facts are shown 
by the accompanying table. 

This table shows size and proportion of larve of Pityogenes hopkinsi 

Swaine at each of the various instars. As will be seen, the width of 

the head is fairly definite for each instar while other proportions are 

quite variable. 

Length of 
Width of head Width of thorax Length of larva burrows 

Instar. in mm. in m.m. in m.m. in m.m. 

tin; Uae .300—.315 .250-.320 .o18= .720 0 -3 

7700 |e es ae .345-.370 . 300—. 540 . 680-1 .20 2%- 7 

SING Oe eee 412—.450 .420—.650 .937-1.72 5 -12 

Ot, ee aaa -475—.500 .471-—.812 1.45-1.83 8 -—20 

UDMA Ee. cio s« .520—.550 .612—.938 1.50-1.98 15 -41 

Tur Larvat Burrow.— In all cases where the act of 
hatching was observed, or where conditions were studied 
soon after hatching, the larva emerged from the egg on the 

side next to the bark. This would seem to be quite important 
as its food during the early part of the larval history consists 
entirely of bark. Usually approximately half of the larval 
burrow continues upon the surface of the wood but involves 
the inner bark only, while the burrow made by the older 
larvae grooves the sapwood deeper and deeper and the bark 
less and less as the larvae approaches full growth (Figs. 27, 
28). Exceptions to this rule are found in broods occurring 
late in the fall, when the larvae show a decided tendency to 
groove the sapwood earlier and deeper than at other seasons. 
The entire larval burrow with the exception of the chamber 
in which pupation occurs, is always closely filled with frass 
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excavated by the larva (Fig. 27). In the part of the burrow 
first excavated, this frass is brownish in color showing its 
origin from the bark, in the middle part it consists of a 
mixture of brown bark and white sapwood, and in the later 
part of the burrow it consists nearly entirely of the white 
bits of sapwood. 

At the start the larval burrow is just wide enough to accom- 
modate the larva comfortably and increases in diameter with 
the growth of the larva, until at the time of pupation it is of 
about the same width as the egg gallery. The course of the 
larvae burrow is at first approximately at right angles to the 
ege gallery from which it originates. For the greater part 
of its length, it is usually continued in this same general 
direction, provided no obstructions such as other burrows, 
faults in the bark, or the bases of small dead limbs lie in its 
course (Figs. 27, 28). Toward the end, however, the course 
is likely to be more tortuous (Fig. 28). 

The length of the larval burrows varies considerably even 
in the same bark and when made by larvae from the same 
egg gallery (Fig. 27). Careful measurements were made 
of twenty larval burrows, only those being chosen which 
showed the entire burrow from the egg nitch to the com- 
pleted pupation chamber. The measurements were taken 
from the egg burrow to the farther side of the pupation 
cavity. Of the twenty burrows measured the shortest was 
18 mm., the longest 41 mm. and the average length was 
31 mm. Thirteen of the twenty were between 28 mm. and 
34 mm. long. 

The rate at which the larvae bore their burrows might be 
of interest. While no study was made with special reference 
to this matter, the very full notes on observations made from 
day to day furnish some instructive data. On the third day 
after hatching the burrow was 1.5 mm. long, on the seventh 
day 4.5 mm., on the twelfth day 13 mm. and on the seven- 
teenth day 20.5 mm. ‘These observations were made upon 
larvae of which the time of hatching was known within a 
very few hours. 
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Leneru or Larvat Prrtop.— The length of the larval 
period in the laboratory, where conditions of temperature 
and moisture were fairly uniform, varied from eighteen to 
twenty-one days. Outdoors during May and early June, the 
larval period varied from eighteen to twenty-six days, there 
being several days when the temperature was such that little 
feeding was probably done. It is probable that a brood of 
larvae occurring in midsummer would require less than 
eighteen days for their complete larval history, and as we 
have already seen, individuals hatching in the fall may pass 
the entire winter as larvae, remaining in this stage for a 
period of eight months or more. However, a larval period 
of from eighteen to twenty-five days may be considered as 
about the normal one. 
Numser or Larvat Moutrs.— Regarding the number of 

moults during the larval stage fairly satisfactory observations 
were made. It was hoped to be able to establish the facts by a 
very careful microscopic examination of the refuse filling the 
larval burrows. In some cases the remains of five larval 
cast skins were found, four in the larval burrow embedded 
in the packed frass and one in the pupal chamber with the 
pupa. However, in other cases only one or two such larval 
exuvil were found. It is possible in these later cases that 
the larvae may have devoured their cast-off skins, as is known 
to be the habit of some other insects, or it may merely have 
been overlooked on examination of the frass. Until better 
evidence is at hand then, the author is inclined to place the 
number of larval moults at five. In a burrow 18 mm. long 
the cast skins were distributed as follows: The first 2.5 mm. 
from the egg niche, the second 5 mm., the third 8 mm., the 
fourth 12.5 mm., and the fifth in the pupal chamber. As 
will be seen, both the conclusions regarding the number of 
moults and also the place in the burrow at which each moult 
occurs, agrees very well with the data given in the table of 
measurements of larvae on page 39. There seems to be no 
good reason for doubting that normally there are five larval 
instars. If the larval period in the case cited above was 
eighteen days the moults would occur about as follows: The 
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first at about the fourth day, the second on the seventh day, 
the third on the ninth day, the fourth on the twelfth day 
and the fifth (pupation) on the eighteenth day. It is an 
interesting fact, attested to both by a study of the contents 
of the burrow and by measurements of larvae taken when 
actively engaged in burrowing, that nearly half of the length 
of the burrow is made during the last. larval stage. 

Tue Pupat Sracr.— About a day before pupation the 
full-grown larva completes the pupation chamber and ap- 
parently ceases to feed hereafter. The position of the pupa- 
tion chamber depends considerably on conditions of tempera- 
ture and of moisture. It has already been said that larvae 
pupating in the late fall build their pupal chambers deep in 
the sapwood. Exactly the same is true at any season of the 
year if moisture is lacking. If conditions of temperature 
and moisture are favorable, however, the pupal chamber may 
be constructed half in the sapwood and half in the bark, or 
even nearly entirely in the bark if this is also quite thick. 

The period of pupation was best observed in burrows ex- 
tending rather deep into the sapwood so that only a small 
‘“‘ window ” was opened on stripping back the bark. A num- 
ber of such burrows were exposed April 26th and found to 
contain full grown larvae, snowy white in color — the in- 
testinal contents having all been expelled — which were ap- 
parently just ready to pupate. These were examined from 
time to time during the day, the strip of bark being replaced 
after each time and the larvae being prevented from drying 
by moistening the bark. They did not pupate during the 
day, but the following morning, April 27th, at 8.30 a. m., 
the pupal stage was fully established. The white trans- 
parent pupa was still quite soft, hardly capable of movement. 
On April 30th the color of the developing adult within was 
beginning to show through. The mandibles were brown and 
the rest of the body cream color. It was quite active, con- 
tinually rotating in its burrow by movements of its abdomen. 
On May ist the specimen was still more active and the color 
was still darker. The mandibles were dark brown, nearly 
black in color and the rest of the body a decided tan. The 
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change to the adult condition occurred May 2d, and betore the 
following morning the body covering had hardened suffi- 
ciently for the young beetle to begin burrowing. These and 
other observations established the period of pupal life in the 
laboratory where conditions are favorable, at five or six days. 
No definite data regarding the length of pupal existence under 
outdoor conditions was made, but judging from the similarity 
of the larval period under laboratory condition and in nature, 
it would not differ greatly from this. 

The pupae vary considerably in size as do the full grown 
larvae and the adults. Alcoholic specimens measured show 
a variation in length of from 1.76 mm. to 2.25 mm., and a 
variation in the width through the prothorax of from .680 
mm. to .910 mm. Aside from the difference in color pre- 
viously mentioned there is a very noticeable difference in 
appearance between the newly formed pupa and one four or 
five days old. The most striking difference is in the wings. 
In the young pupa these are snowy white in color and both 
elytra and true wings extend backward from the thorax at 
an angle of from thirty to forty-five degrees to the abdomen, 
while in the older pupae they lie close to the sides of the 
body leaving the dorsal part of the abdomen uncovered, while 
the metathoracic wings, which are longer, nearly meet in the 
mid-ventral line. 

Tur Youne Aputts.—On emerging from the pupal stage, 
the prevailing color of the young adult might be described 
as cream color or a very light tan. However, even at this 
time the tips of the mandibles are nearly black, while the 
body of the mandibles, the joints of the legs, the rugosities 
on the prothorax and the spines on the tibia and on the 
declivity of the elytra are light brown. The eyes also appear 
to be of a rather dark brown, but on examination with a 

microscope, it is readily seen that the color here is not due to 
pigments in the superficial structure, but to the pigment 
isolating the various omatidia making up the compound eye. 
The callow insect begins feeding almost immediately after 
emerging and its color becomes progressively darker, until 
at the end of from five to seven days it has usually acquired 
the appearance of the full fledged adult. 
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The manner of feeding depends upon condition of tem- 
perature and moisture. If the temperature is low and the 
host dry, the burrows groove the sapwood rather deeply, 
whereas if the weather is warm and the limb quite moist, 
the feeding burrows are likely to be entirely or nearly en- 
tirely in the bark, especially if this is comparatively thick. 
After feeding only a short time — two or three days at the 
most — the still callow adult bores through to the outer bark 
and makes a minute opening through the surface (Fig. 29). 
This is the so-called ventilation opening by means of which 
the feeding young beetle receives a better supply of air and 
through which he casts out the refuse from his burrow. 
This refuse consists largely of excrement but also contains 
considerable material excavated in its burrowing which has 
never passed through its body. This material is pushed out 
through the minute “ ventilation openings” and collects in 
little hillocks over each such opening. The feeding burrows 
(Figs. 27, 28) of the young adults are built according to no 
uniform plan as are the other burrows. Some are long bur- 
rows but little greater in diameter than the insect inhabiting 
them, while others are short and broad or of irregular shape. 
Very often the feeding burrows of two or more beetles 
coalesce (Fig. 28) rendering the engraving still more 
irregular. 

The length of time the young adults continue feeding in 
the larval host varies considerably from a week to several 
weeks. If the bark is allowed to dry they leave much sooner 
than when it is kept quite moist. Beetles have been induced 
to remain in their larval host for as long as five weeks by 
keeping this quite moist, while others sought a new host 
within a week after reaching adult condition if the old host 
was allowed to become too dry. It is worthy of note, how- 
ever, that these latter on entering fresh pine limbs placed for 
them nearly all constructed feeding burrows, while those 
emerging after a longer period of feeding, immediately busied 
themselves making brood burrows. It would seem that sev- 
eral weeks of feeding, either in the old host or in a new one, 
is necessary before the adults can reproduce. It is apparent 
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that temperature also aids in determining the length of time 
the adults remain in their larval host. If they reach adult 
condition in the fall they do not emerge from their feeding 
burrows until the following spring. As has already been 
stated, the time of emergence also varies with the sex, the 
males .seeking a new host several days in advance of the 
females. 

Proportions oF THE Syxes.— The two sexes as repre- 
sented in the feeding burrows before any have emerged, occur 
in equal numbers, as has been determined by careful counts. 
Yet as the sexes exist in the brood-burrows there is a great 
preponderance of females as Pityogenes exhibits the poly- 
gamous habit to at least as marked a degree as any other 
genus of bark beetles (Figs. 26, 27, 28). Actual count of 
sixty brood-burrows occurring in nature, showed according to 
the engravings, that the parent females outnumbered the par- 
ent males in the proportion of 2.83 to 1. Of these sixty bur- 
rows only six contained a single egg gallery, seventeen had 
two, twenty-two had three, twelve had four, two had five and 
one had six egg galleries. Other brood-burrows of this same 
species have been observed which possessed as many as eight 
egg galleries. 

This disproportion of the two sexes in the brood bur- 
rows may be explained by two factors. A number of males 
were found both in the laboratory cultures and in nature, 
which had completed their nuptial chambers and had 
evidently lived in them and fed in them for a number of 
days, but had not succeeded in attracting any females, al- 
though other burrows within an inch or two contained from 
two to five. In the material started in the laboratory, several 
males were still alone in their burrows, while other burrows 
in the same bit of wood which were started on the same day, 
contained nearly full grown larvae. There can be little doubt 
that these individuals would die bachelors, although both they 
themselves and their burrows seemed to conform to the same 
specifications as others which were occupied by growing fam- 
ilies. But the factor which seems most important in determ- 
ining the disproportion of the two sexes in the brood bur- 
rows is the greater danger to which the male is exposed be- 
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fore the nuptial chamber is prepared for his mates. When 
he is engaged in making the entrance burrow, with the fore- 
part of his body in the bark and the rest entirely exposed, he 
is easy prey — although it must be confessed not exactly con- 
spicuous prey — for all sorts of predaceous insects and birds. 
Then, too, many males are doubtless washed from their bur- 
rows and drowned by beating rains and we know it to be true 
that at least a small proportion are overcome by exuding 
pitch. The females, on the other hand, do not leave their 
larval host until several days later than the males and by 
that time the nuptial chambers are completed and as soon 
as they enter they are well protected by the burrow and well 
guarded by the vigilance of the male at the entrance. As 
the beetles fly only on warm bright days, the females would 
not even be exposed to the danger of a rain storm, provided 
they found a burrow to their liking within a reasonable 
length of time. 
Summary oF Lire Hisrory.— The life history of P. hop- 

kinst may be summarized as follows: 

SIEGE D Wee SUATUCH Woe saints e nts “oly %.2) 0%e March 15 
Nuptial chamber completed but only 

Mili @gPRESCMAA + ost < Miege ius ceeded = ch ene - March 21.... 6 days 
Renialegtertulized? 2s ..cic%2. 6 aks March 23.... 8 days 
Several eggs already laid......... March 24.... 9 days 
Male accidentally killed.......... March 25....10 days 
Mirsteges, hatched «....)0..0..5. 5. March 31....16 days 
Female. ceased; laying. ............ April, 2....18 dayg 
Larvae transformed to pupae...... April. 20....36 days 
Pupae transformed to adults....... April 26....42 days 

New generation emerged 1 Ne 6: Da 
eke a) P RAp hes, May 30....76«days 

First brood burrows of new genera- 
plane strode. ices abet - May 20... ..66idaye 

The above data was all derived from a single brood bur- 
row designated as “ Burrow H” in the notes. It was, how- 
ever, carefully checked up with other burrows started at the 
same time and at other times and represents the norm of 
lnhoratory conditions. 
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These observations were made upon broods started in the 
laboratory under somewhat unnatural conditions but an at- 
tempt was made to keep the conditions as nearly normal as 
possible. How successful this attempt was may be shown 
from the following observations in the field. On May 8th 
numerous brood burrows were observed in which the first 
few eggs had already been laid but these were still pearly 
white and from the length of the egg burrows had been laid 
within a day at most. On June 6th many full grown larvae 
and pupae were present and on July 8th “ ventilation open- 
ings were numerous and a number of the new generation had 
already emerged. When these specimens were confined in a 
breeding jar with fresh pine limbs, they immediately started 
new brood burrows. If the eggs were one day old at the time 
they were first observed and the burrow had been started six 
days before (which in warm weather would be ample time) 
the entire life history would oceupy just 68 days, or within 
two days of the time required in the laboratory. It would 
then seem safe to conclude that the life history of the spring 
brood from the starting of the parent brood burrow to the 
starting of that of the new generation, occupies from 60 to 
75 days depending upon conditions of temperature and 
moisture. 

Seasonat Hisrory.— The number of generations of P. 
hopkinsi occurring each year varies with the weather condi- 
tions. Careful study carried over three seasons leaves no 
doubt that in the vicinity of Syracuse, N. Y., from one and a 
half to two and.a half generations are completed each year. 
Beetles reaching the adult condition in the late fall, just at 
the advent of cold weather, remain in their larval host 
throughout the winter. With the first warm days of spring 
they begin feeding anew and after several days of favorable 
weather, emerge and seek a new host for the construction 
of their brood burrows. This usually occurs in the latter 
part of April or early in May, but varies within a period of 
several weeks dependent upon the weather. 

Most of the new generation to which these give rise, 
emerge during the first half of July and immediately attack 
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a new host. Some, however, coming from the same colon- 
ies but from eggs laid later, may not emerge before August 
10th. These then may be an entire month behind the earlier 
ones of their generation. This causes some overlapping of 
the broods even from the same ancestry and more than 
casual field study is necessary to get at the true conditions. 
The brood arising from the earlier individuals of the 
second generation, reach maturity carly in September and 
some of them emerge and excavate new brood burrows, 

although the majority pass the winter as adults in the larval 
host. The offspring of those of the second generation which 
emerge, pass the winter as half-grown to full-grown larvae, 
while the parent beetles themselves occasionally survive the 
winter. 

The beetles of the first generation emerging in August, 
attack new hosts and their offspring pass the winter as 
young adults, pupae or full-grown larvae. The great 
majority of the second generation reach maturity (by which 
is meant sexual maturity acquired after feeding a week or - 
two in the larval host) so late that the weather conditions 
cause them to remain in their larval host all winter, thus 
completing exactly two generations. 

Those which pass the winter as larvae or pupae either of 
the second or third generation, do not emerge until late in 
May or during June of the following season. These cer- 
tainly do not produce more than two generations and most 
of their descendents pass the succeeding winter as adults of 
the first complete generation. Even in normal seasons, a 
considerable number do not reach maturity and these winter 
as full-grown larvae or pupae, while in years when the 
cold weather sets in earlier than usual, a large percentage 
hibernate in an immature condition. 

No detailed observations with the special purpose of 
determining the per cent of each of the stages represented 
which pass through the rigors of winter weather successfullv 
were made. However, data collected in a more or less casual 
manner would indicate that all staves beyond the half-grown 
larvae are about equally successful except the callow or 
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newly emerged adults. Practically all of the adults which 
were still yellow or tan colored and a large per cent of 
those still light brown, succumbed during the winter of 
1914-15, although this was not a particularly rigorous sea- 
son. It would appear to be necessary that the beetle having 
reached the adult stage should feed for several days before 
it is able to undergo the rigors of winter successfully. 

Srupy or THE Eneravines.— Much may be learned by 
a careful study of the engraving made by P. hopkinsi upon 
the surface of the wood, for the beetles there leave a faith- 
ful record of many of the activities of their lives in the 
form of hieroglyphics which may be readily deciphered by 
one at all acquainted with them. These engravings inform 
one at a glance of such intimate facts as how many mates 
each male possessed, as to how industrious and how fecund 

each one was. They also often show with what “ wisdom of 
instinct,” if the expression may be allowed, each egg was 
placed in order that the young be assured of a plentiful food 
supply. They give full data as to the activities of each 
larva, how much food he devoured, how many times he 
moulted his skin, how industrious he was in boring through 
the bark and wood, and finally whether he eventually 
reached maturity and succeeded in emerging as a full- 
grown. beetle, or whether he succumbed before this goal was 
attained. The engravings are the records of facts of much 
greater interest to many than those to be gained by a study 
of the dead insect itself. 

While the galleries of P. hopkinsi can usually be as 
readily identified as belonging to this species as can the 
individuals making them, no two galleries are exactly alike. 
They all, however, have certain definite characteristics in 
common. They all show an entrance burrow the character- 
istics of which have already been described. This leads 
into an irregular nuptial chamber which may be either 
upon the surface of the sapwood or in the inner bark depend- 
ing upon the thickness of the latter. From this proceed 
outward a varying number of egg galleries each of which is 
ordinarily made by a different female. 
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The egg gallaries are usually transverse (Fig. 28), 
although this is not invariably true, as they are often 
diagonal (Figs. 26, 27) and occasionally, especially when 
the number of egg ‘galleries is great, they may be nearly 
longitudinal. The diameter is just great enough to accom- 
modate the body of the burrowing insect and never large 
enough to allow her to turn around. The length of the 
ege burrows varies greatly as does also the number and 
arrangement of the egg niches in the sides. Thirty egg 
galleries were measured, the length varying from 4 mm. to 
49 m. m., the average being 23.1. 

The number of egg niches in each egg gallery varies 
even more widely. Careful counts were made of 66 gal- 
leries brought in from nature with the following general 
result : 

Minimum number of egg niches to an egg gal- 
ee riict Ke Ge Aa en OREO Por ere sich io 5: 2. 

Vicia mean hh ays Ed 0) See a eae Ae Re SS gr 5 60. 
Average for 66 egg galleries.............. 19% 39 

The number of egg niches does not vary exactly with 
the length of the egg gallery. The smallest number of 
niches (2) was found in the shortest gallery measured, 
which was 4 mm. long, but the greatest number of niches 
(60) was in a gallery 38 mm. long, while the longest gallery 
measured, which was 49 mm. long, had but 37 egg niches. 

In general, however, there is a distinct relation, although not 
an absolute ratio, between the length of the egg galley and 
the number of egg niches. 

The arrangement of the egg niches is by no means as 
regular as it is in many bark beetles. This regular arrange- 
ment seems to be especially characteristic of many mono- 
gamic forms such as the various species of Hecoptogaster. 
A careful study of the egg galleries gives rise to several inter- 
esting deductions regarding the arrangement of the egg 
niches. It is evident that the typical manner is for the 
female to place them alternately first on one side and then on 
the other side of the gallery and if conditions are entirely 
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normal, these will be spaced evenly at a distance of from 
1 mm. to 2 mm. from each other as shown in galleries 
a, b, c, in Fig. 20. In this way, if surrounding conditions 

are right, each larva is insured an adequate supply of food 
at the expense of the least exertion on the part of the 
mother. However, the fact that egg galleries either from 
the same or from different brood chambers often run closely 
parallel to each other, furnishes a factor which frequently 
alters greatly the typical arrangement. 
A eareful study of Fig. 20 will make this evident. Gal- 

leries a, b, and ¢, are spaced far enough apart that the typical 
and ideal arrangement of the egg niches is not affected, 
The other galleries, however, all run more or less closely 
parallel to each other and the result is apparent. Evidently 
galleries d and e were both started at about the same time 
and earlier than gallery f. The females in galleries d and 
e evidently being aware of the proximity of the two gal- 
leries, instinctively placed their eggs at greater distances. 
Apparently they extended their burrows at about the same 
rate. When female e had extended her burrow about two- 
thirds of its entire distance it apparently began to parallel 
gallery g coming from the opposite direction. Both females 
e and g then immediately began placing all of their eggs on 
the side of the burrow farthest from the other burrow and 
female d acted in a similar manner as if it were aware of 
the changed tactics of female e. Female e exhausted her 
supply of eggs sooner than did female d and ceased burrow- 
ing, whereupon the latter immediately began placing her 
eggs upon both sides of the gallery again. Gallery f was 
apparently started slighly later then d and e and, being 
aware of the nearness of the other burrow, female f from 
the start placed all of her eggs upon the side farthest from 
gallery e. The arrangement of the egg niches in galleries 
-h and 7 is explained in a similar manner as they apparently 
started later than galleries f and g 

Another interesting fact to be aah ed with regard to 
the spacing of the egg niches is illustrated in Fig. 21. 
Very often the egg niches in the first two-thirds of the 



52 College of KForestry. 

gallery are placed at a distance of 2 mm. or more apart, 
while in the latter part of the gallery they are crowded so 
closely that the egg niches are not entirely separate, often 
being as many as three to each millimeter. This is espe- 
cially noticeable in egg galleries which are longer than 
usual. It would seem that at the beginning the physical 
strength of the female was greater than her egg-laying 
power and this strength is used up in placing the eggs an 
unusual distance apart. Later her strength is exhausted 
before the supply of eggs is and she places the eggs so 
closely together that many of the larvae arising from them 
do not survive, as may be seen by a study of the larval 
burrows. 

The larval burrows have already been described in con- 
nection with the account of the larvae. They vary greatly 
in length from 18 mm. or less to over 40 mm., the average 
length of twenty being 31 mm. The course of the larval 
burrows is in general at right angles to the egg gallery, 

_ but when arising from galleries which are not transverse 
the larvae tend to burrow longitudinally with the fibres of 
the bark and wood (Fig, 26, 27). Larval burrows from 
ege galleries which parallel each other closely show a very 
tortuous course often crossing and recrossing each other 
many times (Fig. 28), and the engravings clearly show 
that a large percentage of the larvae do not succeed in 
completing their life history. The early part of the larval 
burrow is entirely in the bark but upon the surface of the 
sapwood, so when the bark is removed later the early 
burrows show the white of the sapwood while the space 
between them appears brown, due to the dried cambian 
(Fig. 28). The later larval burrow grooves the sapwood 
deeper and deeper and finally the pupation chamber usually 
lies with from one-half to all of its depth in the sapwood 
(Fig. 27). 

If any large proportion of the brood succeeds in reaching 
adult condition, much of the engraving is sure to be ruined 
by their feeding burrows. This is especially true when 
the brood reaches the beetle stage a few weeks before the 
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advent of cold weather, for they then feed in. the larval 
host during the rest of the fall and also for a week or more 
the following spring. For this reason the engravings is 
much more pertect if taken when the majority of the brood is 
in the pupal stage. 

Parasitic AND PrepAcEOUs Enemies.— No special effort 
was made to study the parasitic and predaceous enemies of 
P. hopkinsi but several predaceous insects were incidentally 
collected in the field and several parasitic Hymenoptera 
were bred from material brought into the laboratory. 

The most common alien insect found in the burrows is 
Hypophleus tenuis Lec. This is a small brown beetle 214— 
3 mm. in length belonging to the family Tenebrionidae. 
This was obtained by the writer in many localities in the 
near vicinity of Syracuse, at Cicero Swamp and from mate- 
rial. brought in by Prof. R. T. Gheen from East Schaghti- 
coke, Rensselaer Co. In five cases definite observations 
were recorded as to the number occurring in each burrow 
of Pityogenes. In one burrow only one H. tenuis was pres- 
ent while the other four burrows each contained two. 
Specimens were taken from the nuptial chamber, egg 
galleries and the feeding burrows of the young: adults. 
Apparently these beetles are predaceous upon the adults of 
P. hopkinst rather than on the larvae or pupae. 

Packard (1890) on the authority of Blanchard reports 
this species as being predaceous upon Pityophthorus pube- . 
rulus Lec. and Pityophthorus sparsus Lec., the latter species 
probably being identical with Pityogenes hopkinsi Swaine. 
Hopkins (1899) records H. tenwis as “ common in brood 
galleries of Tomicus calligraphus, feeding on adults; also 
with adult Zomizcus in winter galleries in outer bark.” 
Felt (06) while he makes no mention of this species by 
name records finding an unidentified species of Hypo- 
phloesus associated with Pityogenes sp. b. It is possible that 
the Pityogenes mentioned is the same species which is here 
being considered. 

Another predaceous beetle obtained from the burrows 
of P. hopkinsi-is the clerid Phyllobaenus dislocatus Say. 
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The adult of this beetle was bred out from limbs of pine 
containing no other bark-beetles than Pityogenes. ‘This 
material was brought into the laboratory in April and the 
adult of P. dislocatus emerged June 3. It is very probable 
that it was in the larval stage when the limbs were placed 
in the breeding jars. 

Regarding this species, Hopkins (1893, 1899) reports 
the adults as predaceous upon Polygraphus rufipennis 
Kirby in black spruce and the larvae as occurring with 
Pityophthorus consimilis Lec. in sumach and with Pityo- 
phthorus N. sp. in Norway spruce. He also records it as 
occurring with Scolytus regulosus Ratz. in apple bark. Felt 
06 (p. 449) states that LeConte reared this species from 
limbs of hickory infested with Chramesus icoriae Lec. and 
that it was reared by himself (p. 503) from limbs of hick- 
ory “infested with Chyrysobothris femorata Fabr. and 
Magdalis olyra Herbst, which were preyed on by several 
parasites, and this clerid may possibly have been subsisting 
on the latter borer.” 

P. dislocatus seems to be distributed throughout the 
eastern portion of the country. Felt (’06 p. 503) records it 
from New York and states that it “has been listed from 
the vicinity of Cincinnati O., south western Pennsylvania, 
various localities in New Jersey, and from West Virginia. 
Wolcott (’09) records this species for Pennsylvania, Wis- 
consin and Ohio, and (710) lists it from five counties in 
Indiana. 

In addition to these two predators a small, slender staphy- 
linid beetle was found quite often in the burrows of P. hop- 
kinst. It is doubtful whether this is predaceous on any 
stage of the bark-beetle or whether it is merely a scavenger 
living on the decaying frass, bark and other matter in the 
burrows. Two Hemvzptera, probably predaceous in their 
habits, were also taken. Neither of these were identified, 
one being lost in the mails while the other was immature. 

Two species of predaceous mites belonging to the family 
Gamasidae were also found in the burrows and upon the 
bodies of P. hopkinsi. The smaller of these was identified 
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as Sews pom Parrott. Prof. H. EK. Ewing writes as fol- 
lows concerning this species. ** This species —- —- — — is 
found generally throughout most of the U.S. on and under 
bark. It is predaceous and is one of the most important 
enemies we have of the pear-leaf blister-mite and the various 
species of spider mites.” Parrott, Hodgkiss and Schene 
(06) report it as “‘ Very abundant — upon infested trees 
and undoubtedly materially assisted in reducing the number 
of blister mites.” The other mite is larger and belongs to 
the genus Gamesus, but as it was immature the species was 
not determined. 

Both of these species were often found in considerable 
numbers both in the brood burrows and upon the bodies of 
the adult beetles, not only in the breeding jars, but also 
under natural conditions out of doors. In connection with 
his account of parasites of Phloetribus liminaris Harris, Gos- 
sard (713) says: “ Mites, found in considerable numbers in 
the burrows and clinging to the hairs of the beetle are 
apparently not parasites but feeders on the excrement and 
other decaying matter within the burrows. They attach 
themselves to the beetles in order to procure easy trans- 
portation from one place to another.” In the case of 
Seius pomi, at least, this interpretation would hardly seem 
to agree with my observations. This mite seems to be an 
external parasite on both the adult and immature stages 
of P. hopkinst. Adults harboring a dozen or more of these 
quite active little animals have been observed carefully 
under the microscope and there can be no doubt that the 
latter are injurious to their hosts. The mites appear to be 
successful in their attack upon the adults only when they 
obtain a firm hold upon the membrane at the juncture of 
the legs and body. When this vulnerable point is attacked 
the beetle makes frantic and often successful efforts to ward 
off the danger by threshing about violently with his legs. 
Without doubt, however, the eggs and young larvae of P. 
hopkinsi are the stages which suffer most frequently from 
the carnivorous habits of P. pomi. An actual attack upon 
either of these stages has never been observed, but in brood 
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burrows containing many of the mites numerous shrunken 
or collapsed larvae and eggs may be observed. There can 
be little doubt that Sevus pom is responsible for this as in 
every case they were the only inhabitants of the burrows 
aside from the original builders. 

Three species of parasitic Hymenoptera were bred from 
pine limbs containing only the burrows of P. hopkinsi. The 
largest of these of which there are three specimens belong 
to the family Pteromalidae and gerus Metopon. It is prob- 
able that these are parasitic upon the larvae of P. hopkinsi 
as it is known that closely allied species are parasitic upon 
bark beetles as well as upon the larvae of other insects. ‘The 
other two Hymenoptera belong to the family Mymaridae 
and are both probably egg parasites. These are Ooctonus 
quadrisignatus Girault, a new species represented by three 
females, and Polynema sp (%) represented by one male. No 
records were found of either of these genera being parasitic 
upon the eggs of bark beetles and they have been most com- 
monly bred from the eggs of jassids and membracids. It is 
possible that the individuals appearing in the breeding jar 
may have emerged from the eggs of tree hoppers or leaf 
hoppers deposited upon the bark and infested before the 
material was placed in the breeding jars. It may have been 
merely a coincidence that the adult mymarids emerged in 
considerable numbers during the height of the breeding 
season of Pityogenes. 

Host Pranrs.— The favorite food plant of P. hopkinst 
is the white pine, Pinus strobus. According to Hopkins 
(1898, 1893a) Prtyogenes sparsus by which name he then 
called the species under discussion is also found in other 
pines in West Virginia. He does not, however, designate the 
species in which it was actually found, but in addition to 
Pinus strobus he also mentions that P. echinata, P. rigida, 
P. virginiana, P. pungens and oceasionally P. taeda and P. 
resinosa are found in that locality. It is nearly certain that 
any of these would serve as a food plant for the adults and is 
possible that they might serve as breeding places as well. 
However, a distinction should be made between hosts which 
will serve as food and those in which the beetles will breed. 
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In the breeding jars in the laboratory it was found that 
the beetles would readily feed upon hemlock (Pseuga cana- 
densis), red spruce (Picea rubens) balsam fir (Abzes bal- 
sameus and Austrian pine (Pius austriaca) even in the 
same jar with fresh white pine. They were able to main- 
tain themselves in any of these for a period of three weeks 
or more, but in none of these was any brood found, and in 
only one — the Austrian pine — did any of the males con- 
struct the characteristic beginning of the brood burrow — 
the nuptial chamber. 

Without a doubt the favorite host plant, both for feeding 
and for rearing the brood, is the eastern white pine. That 
several other species of pine in the northeastern United 
States and Eastern Canada also serve as host trees is also 
fairly certain, although the author has never had an oppor- 
tunity of ascertaining this at first hand. 

Economic Retarions.— Pityogenes hopkinsi attacks 
only thin barked pine, and its favorite breeding place is in 
the recently cut limbs of felled white pine. To such material 
it is attracted in countless numbers and it is therefore very 
numerous following lumbering operations. It seems to have 
a decided preference for recently killed and suddenly killed 
limbs, and next to its preference for pine “slash” it finds 
most favorable conditions in lightning-killed trees. It, how- 
ever, breeds very freely in limbs which are sickly or dying 
from other causes provided the bark upon these is not in too 
dry a condition. It will breed to a certain extent in limbs 
which are undergoing the process known as being “ shaded 
out.” However, very often limbs dying in this manner pos- 
sess a very tough, hard, dry bark which adheres closely to 
the wood, and if such is true the beetles cannot breed in it. 
They prefer to attack such limbs while still green and sappy 
and in so doing often hasten their death. From a forestry 
standpoint they serve in such cases a beneficial purpose in 
that they aid and hasten the natural pruning which is neces- 
sary for the production of clear timber. 

However, in other cases they are not beneficial in their 
effects. On a number of occasions they have been found at- 
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tacking and killing limbs of pine which had been weakened 
by the earlier work of the pine bark aphis, Chermes pim- 
corticis Fitch. They seemed to find conditions here greatly 
to their liking, as the limbs were still alive and green, but 
apparently much of the sap had been extracted by the aphis 
and the resistance of the limbs reduced. They are also often 
found in great numbers in sickly small pines, especially in 
plantations, where they very rapidly kill small trees which 
would otherwise probably survive. They often attack these 
young trees while the foliage is still green and the bark green 
and sappy, and while many of the beetles succumb to the flow 
of pitch and die in their burrows, enough often succeed in 
building pitch tubes and disposing of the pitch to insure the 
death of the tree. Trees thus attacked are always small ones, 
varying in height from 4 to 15 feet, and the bark upon all or 
most of the trunk is still tender and it is this thin bark upon 
the trunk that is attacked. White pines which are weakened 
by transplanting are also attacked and killed in this way. In 
the summer of 1914 several pine from 4 ft. to 6 ft. high 
which had been transplanted early in the spring were ob- 
served to have been killed by the work of this little beetle. 
That the beetle enters the bark while it was still alive was 
shown by the numerous small pitch tubes at the entrance bur- 
rows, and the success of their attack was evidenced both by the 
death of the trees and by the presence of large numbers of 
larvae pupae and young adults in the inner bark. 

As a usual thing then P. hopkinsi should be classed as 
neutral, but at times it is injurious in its effects. That it 
could under certain conditions do considerable injury there 
can be little doubt. But everywhere that white pine occurs 
there are so many recently killed, dying or sickly limbs that 
ample breeding places are provided. Usually the worst ac- 
cusation which can be substantiated against this beetle is that 
it is accessory to the death of trees which have been weakened 
by other enemies or causes, although it is doubtless true that 
the trees thus attacked would often survive were it not for the 
activities of these little beetles. However, P. hopkinsi can- 
not be classed with the extremely injurious forms of which 
there are so many in the same family. 
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Even though this form is not usually markedly injurious, 
the writer believes that it is good policy to take reasonable 
precautions to keep down the numbers. The best way to 
accomplish this is to destroy its favorite breeding places or 
better still to allow these to remain until the brood has 
begun to develop and then destroy them. To accomplish 
the purpose most perfectly, pine “slash”? from timber cut 
during the winter should be piled ready for burning but 
should not be burned until the first part of June. In this 
way the “slash” acts as a trap not only for Pityogenes 
hopkinst but for other more or less injurious beetles such as 
various species of Pztyogenes, Pityophthorus and Ips as 
well as numerous species of Buprestidae, Cerambycidae and 
of Ambrosia beetles which are often found in the same sort 
of material. Slash from timber cut during the early sum- 
mer (June 15th to August 1st) should be hieaeel during the 
latter half of August, ‘while that cut between August 1 and 
November 1 should: be disposed of before May 1 of the 
following spring. If this policy is consistently followed it 
will result in greatly reducing the numbers not only of 
P. hopkinsi but also of numerous other insects breeding in 
a similar situation and many sickly or weakened trees 
which would otherwise succumb to their attack will be saved. 
Danger of a more disastrous epidemic will also be over- 
come. 

SUMMARY OF OBSERVATIONS. 
Pityogenes hopkinsi passes the winter successfully in 

either the larval, pupal or adult condition but by far the 
larger number hibernate as adults. 

With the advent of spring the young adults feed vora- 
ciously for several days as shown by the large amount of 
refuse pushed out through the newly made ventilation 
openings. 

Emergence of the overwintered adults takes place during 
the latter part of April and first part of May depending 
upon weather conditions. They do not form into so-called 
“swarms” but the males emerge singly several days earlier 
than the females. 
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Both the entrance gallery and the nuptial chamber of 
the brood-burrow is constructed entirely by the male, this 
work requiring from two to six days. 

The burrow is always started at some roughened or in- 
jured place in the bark, this being necessary in order that 
the worker may have suitable foothold. As soon as the 
gallery is deep enough, the beetle burrows by bracing the 
dorsum of his prothorax against one side of the burrow 
while the mandibles are brought to bear upon the other side. 
The rugosities upon the prothorax, which are in the form of 
flat spines pointing backward, anchor the body when they 
are pressed against the sides of the burrow and prevent it 
from slipping backward but readily allow the body to slip 
forward farther into the burrow. 

The entrance burrow is carried into the bark at such an 
angle that, when it has been excavated far enough that the 
entire body of the insect is covered, the elytral declivity of 
the burrower lies parallel to the bark and completely closes 
the entrance. | 

As soon as the entire body of the beetle is below the 
surface of the bark, the direction of the entrance burrow is 
changed so it extends parallel with the surface. It is 
usually continued for about two millimeters — the length of 
the insect — and then is widened out to form a flat irregular 
chamber — the nuptial chamber. 

The nuptial chamber may lie upon the surface of the 
sapwood, may groove the sapwood, or may lie entirely in the 
bark, dependent upon the thickness of the latter. The 
depth at which it occurs does not depend upon the thickness 
of the bark, but is determined by the length of the specimen 
constructing it. The size of the nuptial chamber does not 
depend upon the length of time it has been occupied, but 
upon the period that the male constructing it remains with- 
out a mate, as he continues burrowing until the advent of 
one or more females. ! 

After the burrow has been carried below the surface of 
the bark it is impossible to dislodge the male by any ordi- 
nary means. He will respond to either intense light or to 
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moving shadows by backing upward and closing the 
entrance of the burrow with his body with the elytral 
declivity level with the surface of the bark and parallel to it. 

If the stiff hairs upon the elytra are gently touched while 
he is in this guarding position, he will respond by crowding 
closer to the burrow on the side stimulated. This would 
serve to effectively guard against the entrance of small 
enemies. If the elytra are firmly touched, the male will 
immediately retreat into the burrow if it is occupied by 
him alone, but if one or more mates share his burrow he 
can be driven from his guarding position only by vigorous 
prodding. 

The male cannot be driven from his burrow by flooding 
it with either water, pitch or spirits of turpentine. 

If the burrow is entirely filled with water, he will con- 
tinue to work submerged in water as long as the end of his 
elytra is not covered. If the entire body is covered, he 
immediately becomes motionless and remains so at the 
entrance of the burrow in the guarding position until the 
flood subsides below the end of his abdomen. 

Specimens when removed from the bark and submerged 
in a drop of spirits of turpentine die within a few seconds. 
When a burrow containing a male was filled with turpentine 
the occupant backed out to the entrance and although he 
showed evidence of great distress for nearly an hour, he did 
not leave the burrow and resumed work soon after the 
turpentine had evaporated and soaken into the bark. He 
was later as vigorous as any specimen under observation. 

In excavating the entrance gallery the male often taps 
resin ducts and the burrow becomes filled with liquid resin 
or pitch. He usually succeeds in disposing of this by con- 
structing a pitch tube composed of resin and frass, but some- 
times is overcome by too great a flow and his body remains 
embedded in the hardened pitch in the entrance gallery. 

The male does not leave the burrow even though it be- 
comes brimming full of pitch but remains in this sticky 
liquid with only the tip of his abdomen protruding. He 
seeks to dispose of the material in various ways, but seldom 
or never abandons his burrow. 
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With the entrance of one or more females into the bur- 
row the male ceases burrowing and spends most of his time 
at the entrance in the guarding position. It is his duty also 
to dispose of the frass derived from the egg galleries which 
the females leave in the nuptial chamber. 

Copulation occurs in the burrows, the female lying in her 
egg gallery with the end of her abdomen at the juncture of 
this with the nuptial chamber, while the male hes in the 
nuptial chamber. It was not detérmined whether each 
female was fertilized more than once or not, but that fre- 
quent copulation is not necessary is proved by the fact that 
the female will continue egg laying for as many as eight 
days after the male has been removed from the burrow. 

Egg laying begins within a few hours after copulation and 
continues for a period varying from several days to two 
weeks. Eggs are laid at the rate of from two to eight per 
day, the average number for a vigorous female being about 
four to six per day. 

The incubation period varies with the temperature but the 
average is about seven days. 

Movements of the embryo larvae may be observed through 
the egg membranes twenty-four hours or more before hatch- 
ing. These consist not only of a movement of the entire 
larvae but also a continuous opening and closing of the brown 
mandibles. 

The larva eats through the egg membranes on the side 
next to the bark and after devouring part of these mem- 
branes, begins its burrow. ‘The first part of the burrow is 
entirely in the bark but upon the surface of the wood, while 
the later burrow grooves the sapwood deeper and deeper 
until the nearly full-grown larva excavates from one-half to 
more of the burrow from the wood. 

The newly hatched larva is widest through the head but 
soon after it begins feeding, the rest of the body grows rapidly 
in all three dimensions while the head does not increase in 
width till the first moult. 

Careful measurements of the heads of numerous larvae 
shows that the larval period comprises five instars and a care- 
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ful study of the contents of the larval burrows reveals the 
presence of five exuvil in many burrows. 

The length of the larval burrow varies from eighteen to 
forty-one millimeters, the average being about thirty-one 
millimeters. 

The length of larval life varies with the temperature and 
moisture, but the average for spring conditions is from eigh- 
teen to twenty-five days. 

Pupation occurs in the pupal chamber which lies princi- 
pally in the sapwood. The pupal period under favorable con- 
ditions lasts five or six days, but may be much longer, de- 
pendent upon temperature. 

The young adults on arising from the pupae, feed upon 
the bark and sapwood for a period varying from one week 
to several weeks before emerging. In favorable weather they 
soon make minute ‘“‘ ventilation openings ” through the bark, 
from which they cast out the frass and excreta. 

Males and females occur in equal numbers in the feeding 
burrows, but in the brood chambers each male has from one 
to eight mates, the average being 2.83 females to each male. 
This disproportion in the sexes is doubtless due to the fact 
that many males lose their lives when constructing the en- 
trance gallery and nuptial chamber. At this time they are 
easy prey to predaceous enemies, many are overcome by 
pitch, and many more are doubtless washed from their bur- 
rows by rain. The females, on the contrary, may pass di- 
rectly from their larval host, in which they remain longer 
than the males, to the already completed nuptial chamber. 

From one and a half to two and a half generations of 
P. hopkinsi are completed each year. Over-wintered adults 
emerge in April or early in May and attack new hosts. Their 
offspring emerge in July and do likewise, while some adults 
of the second generation, if weather conditions are favorable, 
emerge in September and give rise to a partial third genera- 
tion, which passes the succeeding winter as larvae and emerge 
about June Ist of the following spring. 

Study of the engravings reveal several interesting facts. 
The egg galleries vary greatly in length, the longest observed 
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being 49 mm. while the average was 23.1 mm. The number 
of egg niches also varies greatly, the largest number observed 
being sixty, while the average of sixty-six galleries was 18.89. 

The egg niches are typically arranged alternately on op- 
posite sides of the egg gallery and are spaced from 1.5 mm. 
to 2 mm. apart, but this typical arrangement is modified by 
several factors. Where two egg galleries closely parallel each 
other, the egg niches are all or most of them placed on the 
side farthest from the other burrow. Very often the niches 
in the early part of the egg gallery are placed at a consider- 
able distance from each other, while near the end of the gal- 
lery they are made so close together that the eggs cannot be 
placed with their long axes parallel to the gallery as is the 
usual method. 

P. hopkinsi breeds only in thin barked pine and prefers 
recently cut or suddenly killed pine limbs. It is occasionally 
beneficial in attacking and killing limbs weakened by shading 
thus hastening natural pruning. It, however, more often 
renders an injury by attacking either limbs of large trees 
or the trunks of small trees which have been rendered weak 
or sickly from the work of other insects or from other causes. 
Young trees which would otherwise recover are often killed. 

Excessive multiplication of this insect following lumbering 
operations may be prevented by piling the slash and allow- 
ing it to remain as a trap till the beetles have constructed 
their brood burrows. It should then be burned before the 
emergence of the brood. This method will also aid in check- 
ing other more or less injurious forms breeding under simi- 
lar conditions. 

The writer wishes to express his obligations to several 
specialists for their kind and prompt assistance in identify- 
ing the parasitic and predaceous enemies mentioned in the 
body of the paper. Such help is indispensable and is doubly 
gratifying when so freely and promptly given. I am indebted 
to Dr. C. T. Brues and to Dr. A. A. Girault for identifying 
the Hymenopterous parasites, to Prof. H. E. Ewing for 
classifying the two predaceous mites and to Mr. A. B. Wol- 
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cott for identifying the clerid re tenebrionids. I wish also 
to thank my colleague, Dr. C. C. Adams for his kindness in 
carefully reading the ec 
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EXPLANATION OF PLATES. 

Figures 1, 2, 3, 4, 5, 14, 17, 18, 19 and 22 were made with the aid of a 
compound microscope and a camera lucida. Figures 17, 18 and 19 were 
made from balsam mounts with transmitted light, while the others were 
made with reflected light. Figures 6, 7, 8, 9, 10, 11, 12, 13, 15, 16, 20 
and 21 are from sketches, made from nature. Figures 23- 29 were 
photographed from nature with a micro-tessar lens. “All drawings and 
photographs were made by the author. 

PLATE I. 

Fig. 1. Adult male of Pityogenes hopkinsi Swaine showing the gen- 
eral appearance of the adult male. Especial attention is called to the 
rugosities on the prothorax and to the spines on the elytra. Magnified 
50 dia. from a specimen exactly 2 mm. in length. 

Fig. 2. Adult female of P. hopkinsi Swaine. Note the difference in 
the general shape and in the proportions of the various parts. ‘Lhe 
difference in the spines in the region of the elytral declivity is a 
secondary sexual characteristic of this species. Magnified 50 dia 
from a specimen 2.164 mm. in length. There is considerable variation 
in the size of the adults and this is especially true of the females. 
‘Specimens varying from 1.568 mm. to 2.18 mm. have been measured. 
The males appear to vary within much smaller limits. 





PLATE II. 

Fig. 3. Ventral view of adult male, showing general characteristics 
as seen from this view, magnified 50 dia. 

Fig. 4. Anterior view of adult male. Particular attention is re- 
quested here to the mandibles and the prothorax rugosities. Magnified 
50 dia. 

Fig. 5. Posterior view of adult male, showing the elytral declivity 
and the characteristic spines. Magnified 50 dia. 
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PLATE LIT. 

Fig. 6. Showing the position of the male when he ‘is just starting 
his burrow through the outer bark. Magnified 12 dia. 

Fig. 7. Position several hours later. The spines upon the dorsum 
of his prothorax are pressed against the bark on one side of the burrow 
serving to anchor his body while the mandibles work upon the other 
side. Magnified 12 dia. 

Fig. 8. Showing the shape of the burrow when about half of the 
‘body is covered. As soon as the outer bark is burrowed through, the 
burrow is widened slightly and carried downward at an angle. Magnified 
12 dia. 

Fig. 9. Male in position in the burrow with about two-thirds of his 
body covered. Magnified 12 dia. 

Figs. 10 and 11. Showing male at work in his burrow, which is now 
being extended parallel with the surface of the bark. The beetle works 
as readily in the position shown in Fig. 11 as that shown in Fig. 10. 
It is necessary that he constantly shift his position in order to bring 
the mandibles into play on all sides of the burrow. Magnified 12 dia. 

Fig. 12. If the male is disturbed while working in position shown 
in Fig. 11 he will back up to the entrance in the manner shown here, 
but immediately rotates and takes the position shown in Fig. 13. 
Magnified 12 dia. 

Fig. 13. The “guarding position” assumed by the male when dis- 
turbed in any manner. In this way the opening into the burrow is 
effectively closed against intruders. 
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PEATE Vs 

Fig. 14. Entrance to a burrow with the male in the “ guarding posi- 
tion” as seen from without. The male’s body nearly completely fills 
the opening, the elytral declivity lying parallel with the bark and armed 
with the three pairs of spines presents an impregnable appearance. 
Magnified 25 dia. 

Fig. 15. Diagram of the entrance burrow and nuptial chamber exca- 
vated by the male. Magnified 12 dia. 

Fig. 16. Male and female of P. hopkinsi in copulation. The female 
lies in the egg-gallery while the male is in the nuptial chamber. Magni- 
fied 12 dia. 

Fig. 17. Mandible of embryo larva, twenty-four hours before time of 
hatching. Magnified 259 dia. 

Fig. 18. Middle leg of adult male, intended especially to show the 
character of the tibia. Magnified 93 dia. 
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PLATE V. 

Fig. 19. Maxilla of adult male. Note the broad, flat lacinal teeth.. 
These act as scrapers in removing the pitch and sticky frass from the 
mandibles while burrowing. Magnified 125 dia. 

Fig. 20. Three brood-burrows which show modification in the manner 
of placing egg-niches due to the egg galleries running closely parallel. 
Gallaries a, b, ¢ show typical arrangement, while d, e, f, g, h and i 

show modifications. This is discussed on page 51. Magnified 2 dia. 
Fig. 21. Portion of a brood-burrow showing striking difference in the 

spacing of the egg-niches at different stages of the egg gallery. Magni- 
fied 2 dia. 

Fig. 22. Dorsal view of adult male. Magnified 50 dia. 
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PATE Als 

Fig. 23. Photographs of several burrows started five days before. a 
and b are typical nuptial chambers. c, nuptial chamber in dried piece 
of pine in which the male burrowed into the sapwood. ‘This often 
occurs in limbs which are too dry. d, nuptial chamber and recently 
started egg galleries. One of these shows 4 egg-niches. e, feeding 
burrow made by female extending entrance gallery started by a male. 
Natural size. 

Fig 24. Profile view of pitch tube constructed by male of P. hopkinsi 
in making entrance burrow. Magnified about 2 dia. 

Fig. 25. Photograph showing two egg galleries with egg-niches. The 
eggs packed in with frass are seen in most cases. Several are uncovered 
sufficiently to show their arrangement with long axis parallel to egg- 
gallery. Magnified 2 dia. 

Fig. 26. Brood gallery showing nuptial chamber and four egg 
galleries. Two of these contain only eggs while the other two contain 
young larvae. The larvae nearest the nuptial chamber hatched first and 
their burrows are longer. Natural size. 

Fig. 27. Portion of limb with bark removed showing larval burrows 
filled with frass, pupal chambers several of which contain pupae and 
feeding burrows of young adults. Natural size. 

Fig. 28. Portion of limb with bark removed engraved by P. hopkinsi 
showing several brood burrows. The egg galleries are most of them 
transverse, several are diagonal and one is nearly directly longitudinal. 
Note the larval burrows. Where their course is unobstructed they are 
longitudinal and approximately straight but where obstructions occur 
(as in case of parallel egg galleries) the course is very tortuous. Feed- 
ing burrows made by the young adults are seen at each end. All frass 
and excreta have been removed from the burrows. About 34 natural 
size. 

Fig. 29. Portion of bark of pine limb infested with P. hopkinsi, 
showing the “shot holes” which serve as exit openings for the young 
adults. The very small ragged holes are “ventilation openings ” 
through which the beetle has not vet escaped. The several large holes 
were made by Ips pini. Natural size. 
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PREFACE. 

In publishing this bulletin, the New York State College 
of Forestry at Syracuse University is carrying out a purpose 
announced in 1912 of presenting in a series of bulletins re- 
sulting from careful studies and extended investigations, the 
conditions which govern the behavior of plant life in New 
York State. The College was fortunate in securing Dr. Wm. 
L. Bray, Professor of ‘Bowny of Syracuse University and 
head of the Department of Botany in the College of Liberal 
Arts, for his sabbatical year to study the development of vege- 
tation in New York State. Because of the work which Dr. 
Bray carried on in the State of Texas and elsewhere, results 
of which were published by the U. S. Forest Service and by 
the University of Texas, he brought to his studies of the 
vegetation of New York not only unusual previous experi- 
ence, but rare insight into the many questions involved in 
the covering of the land surface of the state with vegetation 
culminating in one of the finest forests of any of the Eastern 
States. The purpose of the College in having a study carried 
on by Dr. Bray and in the publication of this report is to have 
a clearly defined basis upon which to add more detailed in- 
vestigations, and especially a stock taking of the forest re- 
sources, all of which will lead to the establishment of definite: 
ness and continuity of policy in the covering of the non- 
agricultural lands of the state with a profitable forest. 
A broad analysis of the history and present aspects in the 

development of our native vegetation, together with some 
consideration of the status of vegetation as modified by 
human action, should serve as a good ground upon which to 
build detailed investigations along any phase of Forestry, 
and especially in such closely related lines of work as fish 
and game propagation and protection and control of injurious 
insects and fungi. The progress which our people have made 
in the older sciences and professions has been based upon 

9) 
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thorough research. Little permanent progress will be made 
in Forestry until careful investigative work has been carried 
on not only to give knowledge of present conditions, but to 
determine principles upon which we must depend in the 
future in the development of the forest and all that goes with 
it in the way of animal life and the relation of the forest to 
climatic conditions. 

Dr. Bray has traveled the state from North to South and 
East to West and has climbed the highest points and visited 
the most out of the way corners that he might see the dynam- 
ics which our vegetation has shown in covering the soils of 
the state. The College is pleased to present this bulletin by 
Dr. Bray because it gives a clear picture of the present 
status of our vegetation, and especially because it is the re- 
sult of the application of a trained and keen intellect to the 
problem of showing the relationships of various phases of 
our vegetation and in interpreting the evidence of past 
vegetation and predicting as to future conditions. 

For the unusual facilities furnished by the library and 
collections of the New York Botanical Garden, the College 
of Forestry for itself and for Dr. Bray extends its grateful 
thanks to the management and staff of the Garden. Through- 
out the bulletin, where the botanical names of plants are 
given, the practice in force at the Botanical Garden has been 
followed. That is, the name system embraced in the second 
edition of Britton & Brown’s Flora of the Northern United 
States and Canada is used. 
Upon the basic principles so clearly defined by Dr. Bray, 

the College is continuing and extending its studyingand stock- 
taking of the forest resources of the state, and it hopes to 

present from time to time other reports which will be of help 
in a general educational way throughout the state and in the 
way of helping to form policies for the most satisfactory and 
effective utilization of the forest soils of the state especially. 

HUGH P: BAKSiike 
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THE DEVELOPMENT OF THE VEGETATION OF 

NEW YORK STATE. 

Introduction. 

In this bulletin emphasis is laid upon the idea of develop- 
ment in vegetation. I wish to bring the reader to think of 
vegetation at work, of its forward march and of what it is 
capable of doing in its course. A man who sows his field to 
grain may have put all his financial hopes into the develop- 
ment of vegetation, and it certainly is the wonder of our 
time to behold this unfolding of the season’s planting into 
the fields of waving foliage and finally into fructification 
with a harvest so vast that a great nation’s concerns center 
about the utilization of it. The miles of carloads of grain, 
the food of millions of people for the year, form some index 
of the energy of vegetation development as represented by 
the season’s grain crop. But I am not writing of the season’s 
crop development. Not even of the total of vegetation devel- 
opment of any one season, although the rebound of vegetation 
after the enforced dormancy of winter is always the great 
phenomenon of the year. I am thinking rather of the de 
velopment of vegetation through the course of years wherein 
it comes to occupy the land and transform it into a new and 
different habitat, as when a man having abandoned a worn- 
out field years ago returns to find a forest there with its 
shade giving crown, its quiet moist air, its blanket of loose 
rich leaf mold, its population of forest dwellers. 

In following the course of development my inclination 
would lead to asking whence came our vegetation? What 
has been its course through prehistoric ages? How is our 
vegetation related to the plant life of the rest of North 
America and of Europe—Asia? How does it behave in the 
presence of an environment of climatic and earth surface 
conditions such as New York State offers? How has the 
environment shaped the course and character of vegetation, 

(17) 
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and, on the other hand — and this is of particular interest 
to us — what changes have been wrought in the environment 
by vegetation? As between these two aspects of action and 
response — between vegetation and environment — no doubt 
the latter has the greater significance for us (the people of 
New York), for we are especially concerned for example 
with the character of our soils, and it is upon the soil environ- 
ment that vegetation works the most profound modifications. 

Landmarks of Development. 

Two landmarks in history, the one geologic, the other of 
human history, will serve to measure the development of 
vegetation in the particular meaning employed in this bulle- 
tin, and equally well to show the work done by vegetation 
in modifying the character of the surface of this State — 
especially as to soil building. The first landmark covers a 
space of geologic time at the close of the glacial epoch, when 
the encroaching ice-cap having obliterated the plant life of 
the area covered by it (including all of New York State 
except a coastal strip of Long Island and a small area in the 
southwest), the retreating glacier — 1. e., the melting of the 
vast ice sheet — deposited its enormous load of debris, the 
soils, sand, gravel, boulders, all the sediments of rock deca 
and agmentation, of debris of every sort caught up in the 
forward flowing clediens. The olacial waters further affected 
the sorting and deposition of this debris, and while this work 
of erosion, carrying and deposition is always going forward, 
still we may imagine a time when the elacial recession left 
its finished product —the foundation structures of our 
State, mountain and valley, plateau and plain covered to a 
greater or less depth by glacial debris, or areas of rock 
polished and left bare by ice action with its scouring tools, 
i. e., the sand, gravel, etc., held in the ice mass. As a 
plowed landscape hes ready for the natural reseeding by 
plants, so this vast and diversified terrain lay open to re-inva- 
sion by vegetation. The return of vegetation would confront 
the problems of establishing a plant cover upon bare rock, 
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upon boulder strewn mountain slopes and plains, or morainic 
deposits, upon vast sand beds or sand plains, upon the finer 
glacial soils laid down in more or less level sheets or in 
elevated knolls and ridges (drumlins, ete.), in stream ways 
almost or quite obliterated or much blocked by glacial till, 
upon low wet lands, in kettle holes and lake basins left by 
glacial action. Such is in inadequate expression the terrain 
presented at the first landmark selected. 

The second landmark by which to measure the degree and 
results of vegetation development is taken thousands of years 
later, taking the estimate, say, at twenty-five thousand 
years — the approximate number is of no immediate con- 
cern, so that we allow what humanly speaking would be a 
very long period — at a time falling within the range of the 
recorded history of this State. The first explorers and the 
pioneers of three hundred years ago found this State covered 
by a massive vegetation, which impressed them as being a 
vast forest wilderness. It appeared to the early settler as 
the great incubus to settlement. It took arduous labor to 
clear out a little farm in this forest, and once the forest was 
cleared away the energy of its return threatened to engulf 
his home as a returning tide. Early writers * comment on 
the rapidity with which the forest claimed abandoned settle- 
ments. There was forest of oak, hickory, chestnut, sweet 
gum and tulip in the lower Hudson region. The oak, 
hickory, chestnut type also extended up the Hudson and 
Mohawk valleys into the Iroquois—Ontario basin. Forests 
of sugar maple, beech, yellow birch, hemlock and white pine 
covered the Alleghany plateau region and much of the 

1Van Der Donck, New Netherlands, 1656. Reprinted in Coll. N. Y. 
Hist. Soe. 2nd Series, Vol. I, 1841. 

There is much interesting information embraced in this account of 
the early conditions of plant life in the vicinity of New York City. 
Among other things, confirmation of the dominance of oak, chestnut 

and hickory in the lower Hudson region. The author cites in particular 
an account by Indians of the rapidity with which land cleared and 
planted became again forested. Thus the Indians pointed out a tract 
of heavy young forest which twenty years previously they had planted 
in corn. 
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valleys. Forests of these species with red spruce, balsam and 
paper birch covered the higher Catskills and the Adirondack 
region. Sand plains—e. g., at Schenectady, Plattsburg 
and Carthage — and sand beds elsewhere had their forests of 
white pine. The wet lands were covered with swamp forest 
of soft maple, elm, basswood, black ash, or of conifers 
such as tamarack, arbor vitae, balsam and black spruce. Not 
only had vegetation reinvaded the land, but the high tide of 
it had been reached i. e., it had in large measure reached a 
stage of stability or equilibrium in which a certain perma- 
nency of forest type is maintained even in face of death and 
decay of the aged members of the forest society or even in 
the face of a calamity such as a windfall. I hope to bring out 
the significance of this climax or equilibrium stage more 
fully later, but the presence of it over so much of the State 
had a far greater significance than mere massiveness of for- 
est cover. It meant that through a long course of vegetation 
history the soil had been prepared for this very stage. A 
great blanket of humus had been spread over the land and 
more or less incorporated with the mineral soil, much of it 
quite thoroughly transformed into leaf mold, much of it no 
doubt accumulating as forest duff. More than this, vegeta- 
tion had gone far in filling shallow glacial depressions, in 
building up the land (by deposits of dead plants in the form 
of peat and muck) in the glacially filled valleys (Adiron- 
dacks, Conewango, Montezuma Marsh region). Some lakes 
and kettle holes had been quite filled and the site occupied by 
swamp forest. Cicero swamp just south of Oneida Lake 
represents a filled basin or streamway of large extent. Peat 
has accumulated there in places to a depth of thirty feet. It 
is suggested? that Flint Creek swamp south of Gorham in 
Ontario county is the site of one of the finger lakes which 
has been filled largely by vegetation remains (peat and 
muck). 

Above all these obvious results of vegetation development 
—nmassive forest cover, blanket of leaf mold and duff, beds 

1 Soil Survey of Ontario Co., N. Y., 1910, page 7. 
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of peat and muck — should be placed the item of soil im- 
provement, first in the matter of aeration, drainage and con- 
stant moisture supply and second, because of the productive 
energy which had been added to the soil by this age-long ac- 
cumulation of the organic remains of forest life and the de- 
composition of them into simpler compounds capable of 
being absorbed by the living vegetation and of thus making 
the dead members contribute to the building up of new gen- 
erations of the living. 

A GENERAL REVIEW OF CLASSIFICATION, 

GROWTH FORMS AND PLANT ASSOCIATIONS. 

It will not be supposed because the end of the glacial 
epoch was taken as a landmark in measuring vegetation de- 
velopment that we should consider the vegetation story as 
opening with that chapter. On the contrary there is ample 
evidence to show that before the series of ice invasions of the 
northern continents set in, the earth’s vegetation had come 
to be essentially like that of the present. At any rate, the 
great groups of plants, algae and fungi, mosses and liver- 
worts, ferns, scouring rushes and club mosses, seed plants, 
including gymnosperms of the modern conifer types and 
angiosperms in great abundance and diversity were present, 
and there is reason to think that they were represented by 
essentially the same types of structure as at present — trees, 
shrubs, annuals, bulb and tuber bearing, grass and reed types 
and so on with the whole range of growth forms. No doubt 
the vegetation formed by these associated elements was es- 
sentially of present day aspect. 

But all these matters make it especially desirable for us 
to try to get back nearer to the beginning of the story of de- 
velopment of plant life and just at this point it is opportune 
to remind you of two or three items of current botanical doc- 
trine which it is well to have in mind while discussing in this 
brief summary the history of vegetation development. 
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1. As To the Content of the Plant Kingdom and the 

Relation of Groups to Each Other. 

As you know, the plant kingdom comprises a series of 
great groups of plants as follows: Thallophytes *; plants of 
very simple or relatively simple organization, the so-called 
lower or primitive forms of plant life embracing in general 
aloae and fungi. bryophytes, comprising liverworts and 
mosses. In this group the plant body is constructed on a 
more complex plan (is more highly differentiated) yet not 
possessing the characters which distinguish the higher 
groups. Pteridophytes, true ferns, horsetails, club mosses, 
te.; plants constructed on the plan of seed plan so far as 
regards the possession of a differenti: 
leaf and vascular tissue, and possibility of develope oreat 
bodies (of tree size and longevity in some cases and 
quite generally in the early geological history of the 
group) —but not seed producing plants. | Spermato- 
phytes or seed plants, differing esspecially from pteridc- 
phytes in that they do bear the structure called a seed. 
This group comprises the gymnosperms, a vast assem- 
blage of forms reaching far back in geological history 
but whose modern forms comprise especially coniferous 
plants such as pines, firs, spruces, etc., and angiosperms, 
which as botanists say is the most recent and highly differ- 
entiated group of the plant kingdom and the one which dom- 
inates in the earth’s vegetation at the present time. 
Now one can scarcely define these groups without employ- 

ing terms which seem to imply, first that each group has had 
a history of development — a racial history in fact — and 

second, that the development of each group is somehow linked 
up with the development of the other groups. The inference 
is that the plant kingdom as a whole tells a story of develop- 
ment from simple and ancient forms to modern and complex 
forms. We ascribe to Darwin, as you recall, the expression 

1 This rather “old fashioned’ method of sub-dividing the plant 
kingdom is retained here chiefly to avoid the use of a more complex 
and bewildering terminology. 
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that all these forms are bound together by ties of common 
descent. 

From these groups our State has derived its plant popula- 
tion or flora. See page 45. 

2. As To Growth Forms or the Working Units of Vegeta- 

tion and How They Work. 

Recalling our idea of vegetation development as the mass 
movement of plant life in taking possession of the land, and 
bearing in mind the concrete case cited where the glacially 
prepared terrain comprised in New York State was invaded 
by vegetation and the results arising from it, it is of course 
trite to remark that vegetation is a very complex organization 
— complex in somewhat the same sense as a people or a 
nation. To get closer to the details of vegetation work one 
must consider the working units, or as one may say, the 
growth forms. It is sufficient characterization of some of 
them to mention merely the group name as bacteria, fungus, 
moss, liverwort, to suggest the réle these play in vegetation 
work.! Yet of course there is differentiation of form and 
manner of living among these, so that with respect to fungi 
for example, there are those which play an indispensable role 
in the forest soil, in the disintegration of dead tree trunks as 
well as those which play a destructive part as parasites retard- 
ing the development of the whole vegetation community by 
disease. In the more highly differentiated plant groups, 
however, the group name — fern, club-moss, conifer — does 
not necessarily carry the idea of growth form (though to be 
sure in these special cases just cited the types in our vegeta- 
tion are in each group of much the same growth form) and 
vastly less so do the terms angiosperm, monocotyledon, di- 
cotyledon or even the family group name in most cases, butter- 
cup family, rose family, legume family, etc., suggest a special 
type of plant structure nearer than the broad name cormo- 

1 Assuming of course that the reader has some knowledge of the 
structure and life habits of such plants as bacteria (of decay, of fer- 
mentation, of disease), algae (water silk, water-felt, etc.) , fungi (mush- 
room bearing fungi, molds, rusts, smuts, ete.), lichens and so on. 
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phyte.t I have in mind such growth forms as needle-leaved 
evergreen tree, broad-leaved evergreen tree (scarcely repre- 
sented however, in our vegetation) broad-leaved deciduous 
tree, evergreen shrubs (e. g. certain heaths) and deciduous 
shrubs; herbaceous annuals, creeping, sprawling, climbing 
and twining plants; plants perennial by underground stems 
(rhizomes, bulbs, tubers) or food storage or woody roots ; 
grass like, weed like and rushlike grow ths; tussock formers 
hike Carex stricta, royal fern, cinnamon fern: sod forming 
grasses and sedges; mat forming cat-tail and sedges; sub- 
merged pondweeds, floating leaved aquatics and so on. 

Looking over the world at large the range of growth forms 
is vastly widened beyond those represented in our vegetation. 
It is obvious that there is a certain relation existing between 
erowth forms and environment. Note especially the corre- 
lation between desert environment and desert growth forms, 
between water habitat and aquatic plants. In reality this is 
no more marked than is the correlation between our local 
growth forms and the alternating summer—winter features 
of this environment. Now the compelling idea in this connec- 
tion is that here, also, we have a state of things arrived at by 

a process of development — of evolution and adaptation, if 
you please. We cannot ignore the fundamental characteris- 
tics of living plants — their plastic nature, the energy which 
drives them into all the earth in the face of all diversity of 
environment, the response or outcome of this prolonged racial] 
experience in the various growth forms or adaptation forms 
which we are here considering. In a subsequent paragraph 
reviewing the geological history of vegetation, this differen- 
tiation of growth forms will be found to be strikingly cor- 
related with the appearance on the earth of angiosperms with 
their unique floral structures and with the greatly diversified 
features of the continents which are said to have come about 

1 That is, a plant differentiated into the well known regions of root, 
stem and leaf members. 

2No attempt is here made to give a classification of growth forms on 
any scientific basis. As to such classification see Drude, Oscar, Die 

Okologie der Pflanzen, 1913, pp. 31-112. 
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in that period and which made the land surface a highly dif- 
ferentiated habitat for plants. 

3. As To the Nature of Vegetation. 

The city is not merely a census figure. No more is a for- 
est a list of plant species. The State is not merely a mass of 
people, far less an unorganized mob. No more is vegetation 
a mere mass or unorganized mob of trees, shrubs, ferns, 
mosses and so on. In each there is a certain biological order- 
liness, a biological stratification if you will, (in the State, of 
course, social, political, ete., as well) and especially in each 
is the forward mass movement or development an orderly 
thing and from a simple or pioneer beginning to the complex 
or more highly differentiated condition. When you think of 
it, the crowding of plastic (adaptable) organisms on the 
earth’s surface (and consider the reproductive energy of 
species) must entail mutual adjustments which would ulti- 
mately mean orderly or organized association as contrasted 
with haphazard crowding. 

Now the high forest such as we have in New York State 
— what we are calling here the climax forest because as a 
matter of fact it is the high tide of vegetation development — 
is an orderly thing. It is in reality a social organization or 
complex organism. You can’t get it on bare rock nor (absur- 
dity!) at the bottom of a lake. Not on bare sand nor in a 
swamp. Nevertheless, you can start the course of develop- 
ment at any of those stages (in the case of a lake of course 
only on bottom to which enough light energy penetrates for 
the constructive work of green plants) and arrive in the 
course of time at the complex stage of a forest. But the 
pioneer stage of the lake bottom would be a simple associa- 
tion of a few species of similar adaptations to the habitat — 
Potamogetons, Elodea, Naias. In the course of time, partly 
by the accumulation of dead vegetation, partly by mineral 
sediment, the lake bottom is built up to mere shallows. This 
permits a wider range of species and among others those 
like water lilies having floating leaves. Thus a new associa- 
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tion of species supplants the pioneer one. With the further 
building up of the lake bed to very shallow water or marsh 
conditions, there follows an association of species capable of 
raising their stems and leaves above water and of sustaining 
them against the stress of rain and wind. The root system 
and often rhizomes build tussocks (like water-arum, Carex 
stricta, royal fern, ete.) or mats (like cat-tail flag and certain 
sedges) thus firming the miry uncompacted mud. Yearly ae- 
cumulations of the dead members of this now quite bulky 
vegetation the more rapidly builds up a firmer soil to or 
above the water level and this condition invites an invasion 
of marsh-meadow vegetation, a yet more complex and varied 
society, to be followed later by a marsh-shrub association of 
alder, willows, buttonbush, sweet gale; later by swamp forest 
of soft maple, elm, black ash, ete., with a ground stratum of 
swamp fern, swamp shrubs, numerous herbaceous plants, and 
other growth forms among seed-plants, mosses, liverworts, 
lichens, wood fungi, ete. In the end when this substratum 
has been further built up, the soil well drained and aerated so 
that the organic stuff is in position to be reduced to leaf mold, 
the permanent or climax or high forest society becomes es- 
tablished. This is the most highly differentiated association 
of all; that is to say, it is composed of more species, a wider 
range of growth forms and a more perfect or at least more 
extended system of mutual adjustments and interdependence 
among species (e. g. in degrees of tolerance of shade, in 
moisture retaining moss cover, in diversity of forest floor 
species, in numbers of climbing and twining plants, in rich- 
ness of forest floor fungi and wood destroying fungi, in sym- 
biotic relation between fungi and the roots of higher plants, 
in the indispensable role of soil bacteria). See page 163 for 
further discussion of the climax forest. 

4. As to the Static Character and Nutrition Relations of 

the Green Plant—Especially of the Cormophytic Plant. 

The strategic fact which determines both the ground-gain- 
ing or invading power of vegetation as well as the effect it 
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produces upon the ground which it invades lies in the sort 
of structure which the plant, especially the cormophytic 
plant erects — the machinery it sets up as one may say — to 
earry on its life activities, particularly of nutrition and 
erowth. It will be recalled that with the green plant, nutri- 
tion is not a question of finding and consuming highly organ- 
ized products such as carbohydrates and proteins, but liter- 
ally of assembling the raw materials from soil and atmos- 
phere and, out of these, of manufacturing organic food. 
Your student of the high school will demonstrate to you that 
the first visible product of this manufacture is starch. There 
is a certain aptness therefore in saying that a green plant 
“sets up its machinery.” This is the more emphasized when 
you reflect that this ‘“‘ machinery” must include means of 
absorbing energy from the sun — hence, the expanse of fol- 
lage exposing the green pigment chlorophyll.t We have then 
in our ideal green plant—-a great tree for example —a 
columnar structure of great strength and permanence, dis- 
playing through a system of branching its maximum expanse 
of foliage. This column rests upon the earth and is anchored 
in it by members massive in proportion to the stress exerted 
on the crown. These great anchorage and buttressing roots 
affect soil conditions by penetrating and loosening up the 
soil and by building up the soil level — notably in wet soils. 
(Fig. 15 shows a great pine tree which has built up, or 
about which has accumulated a body of soil and duff some 
four feet above the general swamp ground level. This 
‘“humpy ” appearance of newly cleared swamp or wet lands 
is a familiar phenomenon in New York State.) 

The capacity of chlorophyll bearing plants to transform 
into organic compounds certain raw materials of earth and 
atmosphere, means that the plant organism can invade a ter- 

1 The reader who desires to gain a more intimate knowledge of the 
role played by the green pigment of plants — chlorophyll — in the food 
manufacturing work of leaves will find an excellent account of this 
important subject in Ganone’s book The Living Plant, (New York, 
Henry Holt & Company, 1913) chapter II, on the prevalence of green 
color in plants and why it exists, or chlorophyll and photosynthesis. 
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rain entirely destitute of organic food supply and there ‘‘set 
up its machinery ” and start a process of food making, which 
food being first built up into living plant protoplasm becomes 
ultimately the source of food for the animal kingdom. Thus 
not only is the ground gaining capacity of vegetation linked 
up with the static character and nutrition habits of the green 
plant, but its invasion of the land makes possible also a cor- 
responding development of the animal kingdom. 

Now, in the case of forest trees, the plant may go on de- 
veloping on the one spot for perhaps hundreds (in maximum 
cases thousands) of years. Not only is the soil pierced by its 
roots and built up about it, the ground is shaded by the 
crown, the movement of air is impeded, its drying out power 
checked and, if we have many such trees growing close 
together, an all-round transformation of the environment 
oceurs. 

Menacing the future welfare of this static community is 
the fact that all the accumulation of poisonous and waste 
products, all the sloughed off dead material of bark, branch, 
leaves, flower parts and fruits, ultimately even each whole 
organism, dead from disease or accident or old age, falls 
among the living and, by the mere volume of debris as well as 
by the menace of an unsanitary soil, threaten the existence 
of the remaining living members. More than this, and in the 
long run of more fundamental consequence, the renewal of 
the community by the development of young from the em- 
bryo of the seed (another important item in the economy of 
these static organisms) would be prevented if this menace of 
accumulating dead were continuous. As a matter of fact, in 
a normal, healthy climax forest 1t does not exist. On the con- 
trary, the dead members are stored up energy * which being 

1 Wood and coal are commonly spoken of as stored up or potential 
energy which becomes by burning available, working energy in the form 
of heat which may be transformed into steam energy, electric energy, 
etc. In the case of soils, as pointed out by Russell, ‘‘ Soil Conditions 
and Plant Growth,” pages 53 and 66, the potential energy of dead or- 
ganic stuff is liberated by bacterial activity and becomes available, 
productive energy in the form of nitrates, etc., which goes into the 
building up of new generations of living organisms. 
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set free by the activity of forest fungi and especially of bac- 
teria becomes available energy for the further development 
of the community. 

Thus we are brought again to realize that vegetation de- 
velopment is an orderly thing; i. e., it is development in a 
real sense, determined by factors quite analogous to but per- 
haps more vaguely defined than those which determine the 
course of development of the adult plant from the seed or the 
embryo of the seed from the fertilized egg. Also the com- 
plex character of the climax forest society is further em- 
phasized in the contrast between those dominant members — 
trees — which contribute most to make the physical environ- 
ment of the forest and the fungi and bacteria at the opposite 
end of the scale, which by regulating forest floor sanitation, 
make the continuance of the community possible. 

LANDMARKS IN THE GEOLOGICAL HISTORY OF 

VEGETATION. 

We may now open the geological record with the apprecia- 
tion that the history of the evolution of the natural groups of 
the plant kingdom, the differentiation of growth forms in the 
vegetation and the problems of plant association were largely 
worked out at a period which seems very remote when meas- 
ured by the relatively brief period of human history. We 
may not here go into the record fully but merely measure 
progress by selecting again periods that will serve as land- 
marks. J have attempted to state briefly and with a view to 
their bearing on our present purpose what I understand to 
be a fair statement of the views of geologists and paleobotan- 
ists as embraced in the current teaching of these scientists. 

The Plant Life of the Coal Period. The Age of Ferns and 

their Allies. 

The Carboniferous period, as it used to be called, makes a 
good beginning point because it stands out more conspicu- 
ously by reason of its popular association with the origin of 
the world’s great coal supplies. If we regard coal as of veg- 
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etable origin chiefly, then such vast supplies imply a very 
massive and widely distributed vegetation. It is further 
unique from a modern point of view by reason of lacking the 
types of plants which now characterize the earth’s vegetation 
in the large. 

Several things stand out significantly for our present pur- 
pose. <A practically earth-wide tropical climate permitted a 
massive and monotonously uniform tropical vegetation to 
exist In certain situations, widely distributed over the earth. 
Judging by conditions under which peat beds form, the heavy 
vegetation which built up the coal forming peat beds must 
have occupied swamp lands and shallow waters. The pter- 
idophytes — ferns and their allies — constituted by far the 
dominant elements of the vegetation. Those branches of the 
pteridophytes whose modern representatives are popularly 
called horse-tails, or scouring rushes, and club mosses were in 
the Carboniferous period abundantly represented, especially 
by species of gigantic size and no doubt forming as conspicu- 
ous an element in the forests of that period as broad-leaved 
trees and conifers do at the present. There were no an- 
giospermous plants (1. e., none of the group embracing flow- 
ering plants), no coniferous plants of the modern gymno- 
sperm type, indeed no gymnosperms at all of any group at 
present living. ‘There were very primitive forms of seed 
plants whose vegetative structure was so fernlike, particu- 
larly in respect to leaf form, that for long they were held to 
be true ferns. Such forms as these C'ycadofilices help fill 
up the missing chapters in the story of descent. As before 
indicated, the vegetation was prevailingly heavy forest with 
ereat trees as the dominating features but with also other 
subordinate associates of shrub size, an undergrowth of her- 
baceous and woody ferns and even some ferns of climbing 
habit. It is interesting to note that thus early in geologic 
history there is shown a differentiation of growth forms in a 
forest. But though of arborescent size, it is not to be in- 
ferred that a tree-form of the Carboniferous period would 
be the biological (or ecological) equivalent of the trees which 
constitute our northeastern forests; for example, the decidu- 
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ous foliage of maple and beech. No doubt they would seem 
weird, outlandish objects by contrast. So far as that goes, so 
do yucea trees of the dry plateaus of northern Mexico and so 
would many other arborescent forms of our present vegeta- 
tion, e. g., the giant cactus. 

The Age of Gymnosperms, Allies and Ancestral Forms 

of Pines, Etc. 

Imagine now the passing of, let us say, millions of years 
since the landmark which we selected in the Paleozoic era. 
Our second landmark or measure of the progress of plant life 
lies in the Jurassic period of the Mesozoic era. Even earlier 
in this era, the Triassic period, seed plants had displaced 
“spore plants ” (ferns and their allies) as the dominant veg- 
elation of the earth. Of the Triassic, Chamberlin and Sal- 
isbury’ Vol. III, page 38, say “ The Triassic was distinetly 
the age of gymnosperms the world over; the supremacy of 
the pteridophytes had ceased though ferns, true to their per- 
sistent nature, still held an important place. ” “The great 
lycopods were almost gone.” The Jurassic period is selected 
for our landmark rather than the Triassic because, not only 
did it show the same dominance of gymnosperms over pterid- 
ophytes thus marking a new era in plant life, but in this 
period there appeared forms of conifers of somewhat modern 
aspect being regarded as ancestral forms of our existing 
yews, cypresses, arbor vitas and pines. It was as Chamber- 
inn and Salisbury think ae ol. III, p. 94) the climax of the 
‘age of cycads” * * * ., “The ginkgos also played a 
somewhat important role.” There are a few scattered mod- 
ern remnants of the eyeads now living, one of which at least 
should be generally familar as the ‘‘ eyead palm.” So also 
is there a single living representative of the eroup of gym- 
nosperms known as ginkgos or G inkgoales, the beautiful Jap- 

anese maiden-hair tree. The species is a native of Japan, 
though widely cultivated. The conifer group of the gymno- 
sperms is as you well know, abundantly represented in the 

1 Chamberlin, T. C., and Salisbury, R. D. Geology. In three volumes. 
New York. Henry Holt & Company, 1906. 

oe 
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vegetation of today, if not in great numbers and diversity of 
forms, still as prominent forest forming species. And their 
segregation generally as boreal conifer forests leads to the 
suggestion that this segregation has been in effect from an 
early period in the history of modern conifers and makes it 
pertinent to call attention to the suggestion of Gothan’* that 
in the later Jurassic there began a gradual differentiation of 
climate which toward the poles was manifested in alternating 
seasons. ‘This condition, indicated among other evidences by | 
the presence of true annual rings of growth in the gymno- 
sperms of higher latitudes, resulted in a more or less obvious 
segregating of floral provinces, the more and more dominant 
gymnosperms of the group Abietineae (the present most nu- 
merously represented group of gymnosperms) extending into 
higher latitudes. At this time the cyeads (as always, ap- 
parently, tropical species) reached only perhaps to 70 de-: 
grees north latitude, the approximate limit of tropical 
climate. 

While we may at least say that at this landmark we find 
slight beginnings of modern types and possibly of modern 
climatic differentiation, still it is a distinct and remote vege- 
tation age, made the more notably so in that no trace or fore- 
east of our now dominant angiosperm vegetation seems to 
have existed. 

Plant Life of the Later Cretaceous Period. Introduction 

of Modern Types of Broad-leaved Dicotyledonous Trees. 

Let us turn next to the later or upper Cretaceous period 
toward the end of the Mesozoic era. Again radical and in 

1Gothan, Die Frage der Klimadifferenzierung im Jura und in der 
Kreideformation. Jahrb. K. preuss. Geo. Landesanst. 19:1908, 2-220. 

In this connection it is desirable to call attention to the theories of 
Chamberlin as to alternating periods of climate in geologic time. (Jour. 
Geo. vols. v—viii:1897—1901.) and to the discussion of animal evolution 
as determined or influenced thereby, by W. D. Matthew. (Climate and 
Evolution. Ann. N. Y. Acad. Sci. 24:1915, pp. 171-318). Chamberlin’s 

theories “involve an alternation of climates through the course of 
geologic time from extremes of warm, moist tropical and uniform, to 
extremes of cold, arid, zonal climates” (Matthew, loc. cit., p. 173). 
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this case revolutionary changes have taken place in the flor- 
istie and vegetational status. ‘The new thing is the angio- 
spermous type of plant which appearing suddenly (so far as 
geologic records show) in the lower Cretaceous, come in the 
upper Cretaceous to be the dominant element of the vege- 
tation and to give it a relatively modern aspect. Some of 
the older types of gymnosperms remain (cycads, ginkgos) but 
many have become extinct. The needle-leaved or coniferous 
types of gymnosperms similar to those of the present day 
were abundant and Podocarpus, the present day pine type 
of the southern hemisphere appeared in the upper Cretaceous. 
There is now (in the later Cretaceous) an impressive array 
of genera of angiosperms made familiar by their occurrence 
in the earth’s present vegetation. Such are Betula (birch), 
Fagus (beech), Quercus (oak), Juglans (walnut), Myrica 
(a type represented by sweet-gale), Artocarpus (breadfruit), 
Platanus (syeamore), Liriodendron (tulip-poplar), Cinna- 
momum (cinnamon) and other laurels, Acer (maple), Llex 
(holly), Laquidambar (represented by our sweet-gum), Cor- 
nus (dogwood), Nerium (oleander), Viburnum and others 
dating from the lower Cretaceous (Ficus, Sassasfras and 
Magnolia). The list of dicotyledons is vastly larger than 
this. Species of the group of monocotyledons were repre- 
sented also. There were palms for example, some of which 
were very similar to species living to-day. The appearance 
of grasses in this period was a matter full of significance for 
the on-coming wave of mammalian dominance over other 
groups of animals. 

Climatic differentiation and consequent segregation of 
floral provinces appear not to have progressed notably beyond 
what we saw in the later Jurassic period. Approaching from 
the remote Carboniferous period, the prevalence of tropical 
conditions generally over the earth during the later Creta- 
ceous would seem a matter of course, but from to-day’s point 
of view it seems curious to find evidence in the form of 
fossil remains of familiar types of trees, of tropical or warm 
temperate zone plants far up in the Artie regions. 
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Plant Life of the Tertiary Periods. The Age of Elabora- 

tion or Differentiation of Modern Elements and Aspects 

of Vegetation in Response to Differentiating Environ- 

ment. 

It was, as others have stated, indeed a revolutionary change 
which, in the early Cretaceous period saw the dawn of the 
present in plant life when angiosperms appeared, and a fore- 
cast of wonderful possibilities of development when these 
became so dominantly established in the later Cretaceous. 
These possibilities seem to have been realized in great full- 
ness during those periods of the Cenozoic era, known, at least 
to botanists, as the Tertiary. 

It is always a thrilling experience to watch the bursting 
forth of plant life in the spring when vegetation is expressing 
itself in varied aspects of vital activity and in myriads of 
forms as it takes up its yearly active relation to the manifold 
aspects of its environment. There are two sides to this great 
process of unfolding and adjustment. On the one side, the 
surging energy of life in its rebound after dormancy, applied 
through the individuality which distinguishes every plant 
species and indeed every single plant. On the other side the 
environment, involving all the aspects of climate, of soil, of 
different forms of animal hfe impinging on plant life at 
every point and of the many sided relation of plants to each 
other. 

Now this sort of thing is what I have in mind when I ask 
you to imagine the differentiation of plant life and of its 
environment as it seems to have taken place most notably 
during the Tertiary periods. As to the plant life, you get a 
partial measure of what came about when you consider (1) 
The apparently innumerable species of dicotyledonous and of 
monocotyledonous plants representing hundreds of genera 
and scores of families whose finer distinguishing characters 
are based largely aS the apparently bewildering diversity 
of flower structures. (2) What seems an equally bewildering 
diversity of growth forms already referred to on page 24. 
(3) The segregation of plant life into wide floral provinces 
from tropical to arctic divisions, and of vegetation into di- 
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verse aspects or associations of plants in harmony with the 
soil environment. 

This fashioning of our modern, dominant, angiospermous 
plant life is a matter of so great consequence for us in getting 
the proper perspective for studies which we undertake now, 
that I shall single out several important features for special 
mention. 

Climatic Differentiation and Segregation of Floral 

Provinces. 

As late as the Miocene period of the Tertiary, warm tem- 
perate climate seems to have reached as far north as Arctic 
America. Thus Heer in Flora fossilis arctica notes the pres- 
ence of forests with pines, cypresses, birches, maples, walnuts, 
poplars, elms, oaks, lindens, willows, hazels and even Mag- 
nolia, Liriodendron and Sequoia (cf which there remain the 

“big trees”? and redwoods of California) in such far north- 
ern regions as Nova Zembla, Spitzbergen, Iceland, Green- 
land, Grinnell Land, Bank’s Land, the mouth of the Me- 
Kenzie and Alaska. But through the later Tertiary, the 
eradual cooling of the polar regions drove the strictly 
warm climate plants toward the equator, and in the 
segregation of the floristic zones the needle-leaved gymno- 
sperms came to occupy the sub-artic regions. Thus appears 
to have been formed the Arcto-Tertiary floral province of 
plant geographers. To the southward of the coniter forests 
lay a vast forest of deciduous trees embracing most of the 
familiar genera and in some cases, species, of the present. 
As a consequence of cooling of the polar regions there must 
have ensued a yearly fluctuation of temperature — warm and 
cold seasons — whose effects upon the structure and behavior 
of vegetation we know from long observation. 

Differentiation of Land Surface and of Vegetation Aspects. 

Further on in this bulletin, a good deal of space is given 
to the question of vegetation development as influenced by 
the nature of the terrain, 1. e., surface features of the land. 
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The attempt will be made to show that diversity or variety 
in vegetation aspects reflects a like diversity of habitats. 
This idea seems to find pointed application in connection with 
the Tertiary elaboration of plant life now under considera- 
tion, for during that time and especially toward the close of 
the Tertiary, great changes took place in the surface of the 
land. “ On the whole” (quoting Chamberlin and Salisbury, 
IIT, 316) “ the close of the Pliocene must be looked upon as 
a time of great crustal movement, a critical period in the 
history of North America. New lands were made by emer- 
gence from the sea and old lands were deformed and made 
higher ; new mountains were made and old ones rejuvenated. 
Streams were turned from their courses in some places and 
nearly everywhere started on careers of increased activity.” 
These changes would be assumed to play a significant role 
at a time when plant life had come into the peculiarly plastic 
and responsive stage represented by the oncoming wave of 
angiosperms. 

Angiosperms and the Significance of Flower Structures. 

The terms “ seed,” “ angiosperm” and “ flower ”’ are asso- 
ciated with revolutionary changes in the program of plant 
life so that, while we may not go into technical details which 
would suffice to distinguish, fundamentally, nonseed-bearing 
from seed-bearing plants and so on, it must be said that the 
“drift” or, biologically stated, the course of evolution was 
toward more certain and effective production of vigorous 
progeny by plants. With the coming of seed plants, a 
strategic point had been gained in that the origin and develop- 
ment of a new individual and in considerable measure, its 
opportunities for becoming separately established, came 
to be under the care and nurture of the mother 
plant. Nor was embryo production any longer lm- 
ited to certain special conditions where sperms could 
reach the ege only through the agency of water, as for 
example in ferns, but a new process, pollination, could be 
effected through the air and at any height above water level. 
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Then the sperm could reach the egg through the pollen-tube. 
Now, in angiosperms, provision for the nurture and protec- 
tion of the embryo went a step further in the attainment of an 
enclosed ovary (hence the term angiosperm), and then fol- 
lowed gradually the elaboration of accessory structures in 
connection with the stamens and pistils: a protective calyx; 
a colored calyx; a differentiation of protective members 
(calyx) and attractive members (corolla) ; secretion of spe- 
cific odors and of nectar accompanied by special glands, con- 
tainers (nectaries) and nectar guides; special forms of flow- 
ers, special times and manner of opening of the flower and 
so on through the whole significant field of floral adaptation 
in which the reproduction of a new individual (except 
through vegetative propagation) centers in the act of pollina- 
tion and subsequent fertilization of the egg and thereby opens 
the way to great vigor and variability of progeny through 
crossing, hybridizing and so on. 

It is not to be inferred that these advances took place in 
the Tertiary simply, for numbers of genera from the later 
Cretaceous period show advanced floral structures. But the 
presence of such qualities together with a combination of 
specially stimulating environmental factors, climatic, eda- 
phic, biologic (insect pollination for example), could be 
made to account for the apparent energy and rapidity with 
which angiosperms burst into dominance in the Tertiary. 

Intensified Relationship Between Animals and Plants. 

Another important item of geological teaching is that “ the 
Cretaceous revolution in vegetation was not only great as a 
phytological event, but was at least susceptible of profound 
influence on zodlogical evolution, for it brought in new and 
richer supplies of food in the form of seeds, fruits and fodder. 
“* * * The introduction therefore of dicotyledons, the 
great bearers of fruits and nuts, and of the monocotyledons, 
the greatest of grain and fodder producers, was the ground 
work for a profound evolution of herbivorous and frugivor- 
ous land animals” (Chamberlin and Salisbury III, pages 
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173 and 175). These anticipations as to the evolution of a 
great fauna of plant-eating animals were realized in the 
Tertiary. At the end of the Tertiary (the Pliocene period) 
“the herbivores ees, to occupy the foremost as well as 
the fundamental place” (C. and S., III: p. 322). So also 
was this Tertiary elabo sion of angiosperm vegetation corre- 
lated with the evolution of bird and insect life and especially 
must one assume, as no doubt evidence shows, the elaboration 

of those diversified and mutualistic relations between the 
specialized nectar and pollen eating insects and the floral 
structures of plants. Personally, no chapter in the evolution 
of life appeals more vividly than this parallel or, better, con- 
vergent development of the two mutually dependent relations 
of nectar and pollen feeding by specialized insects (and some 
birds) and the pollination of angiosperm flowers. To any- 
one who, now-a-days, observes the intimate interdependence 
between animal and plant life, the period of elaboration of 

these relations seems a necessary and vivid feature of geologi- 
val history. And certainly with our present intimate knowl- 
edge of the factors which influence the behavior of living or- 
ganisms can we more readily adopt this point of view in the 
interpretation of phenomena which have come to pass in the 
world of living things. That is the heart of this dynamic 

idea, that things come to be something. It implies the funda- 
mental idea of development, the coming to be something, than 
which there is no more powerful idea as an inspiration for 
individual human conduct. 

So if this preliminary review of the development of plant 
life seems a bit prolonged, you will recognize the more fully 
that this bulletin aims not so much to elaborate the plant 
geography of New York State as to get a proper perspective 
and point of view from which to go about that important 
work. Also that a very deep- seated conviction lies in the 
writer’s mind that the elaboration of settled policy with 
respect to dealing with natural resources as represented by the 
productive energy of the land is, somehow, intimately linked 
up with the study of the dynamics of plant life. 
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The Glacial Period and Its Effect Upon Vegetation. 

This general review of the geological history of plant life 
has brought us down to the geologically recent Glacial epoch, 
the close of which was selected as a landmark from which 
to measure the progress of vegetation when contrasted with 
the conditions found at the beginning of exploration and 
settlement of New York by Europeans. It will perhaps 
now suffice to say that by the beginning of the Glacial epoch 
the peculiar genius of our present vegetation had already 
been gained. by that I mean its method of occupying the 
land, considering vegetation as a working organization 
engaged in its march of progress or course of development. 
More concretely, the present floristic make-up (of great 
groups, families, genera and quite largely of species) the 
present types of adaptation (growth forms), the present 
segregation into floral zones or provinces and finally the 

present types of vegetation aspects (plant societies as 
regulated by soil factors) were in existence. We have then 
to consider what effect the glacial invasion would have on 
the vegetation of the areas covered by ice, and upon the fate 
of species generally, what effect was ‘produced upon the land 
by glacial action and by the return of vegetation when the 
long period of arctic climate gave way once more to temperate 
climate. It does not affect our purpose much whether we 
consider a series of advances and retreats of the ice sheet or 
only the last one, unless we put special stress on the effects 
which these repeated experiences would have in trying out 
and fixing the qualities which our native species have come to 
possess. The consideration of details connected with the 
return and final establishment of vegetation upon this New 
York terrain are matters to be cleared up so far as may be, 
in the remaining pages of this bulletin. As preliminary we 
may assert: 

(1) That glacial invasion would destroy the vegetation 
cover of our State. 

(2) That species, if they did not already exist to the 
southward of the glacial field, would either migrate in that 
direction or be exterminated. 
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(8) That as a matter of fact the floristic stock from which 
our present vegetation was renewed, lay, for the most part, in 
regions to the ‘southw ard (southern Appalachians and lands 
to “the westward) during the glacial dominance. 

(4) That these species migrated northward, falling back 
into their zonal positions as one may say, as these life zones 
expanded northward with the retreat of arctic climate. 

Modern Aspects of the Plant Geography of New York. 

We may now pursue the more specific purpose of this 
bulletin, which, in the larger view, may be said to attempt 
a preliminary outline of the plant geography of New York 
State. Our efforts to interpret the present day aspects of 
vegetation development will have been reinforced by the 
survey of the geologic aspects of it just considered. Certainly 
we can gain no adequate perspective without considering its 
remote history. On the other hand, some of the statements 
made with such confidence about the conditions and results 
of vegetation of geologic periods are largely based upon 
phenomena which we find presented by vegetation to-day. 

Questions like the following are to be answered: 

1. What does New York State offer as an environment 
for plants ? 

2. What, so far as we know, is the content of New York 
State flora ? 

3. What are the general relations of our flora to the rest 
of North America and to Europe—Asia ? 

4. What are the broad aspects of distribution or segrega- 
tion as determined by climatic relations — latitude, maritime 
and inland lake relation, elevation, ete. ? 

5. What are the aspects and relationships of vegetation 
development as determined by the substratum — soil condi- 
tions, water level, etc. ? 

Aspects of the Environment. 

It is a common experience that the plant life of a region 
is an index of the environmental conditions. Sometimes it 
is said that the vegetation of land —e. g. Australia —is a 
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product of its environment. The former expression is true, 
the latter not necessarily so, if, for example, we should say 
that the vegetation of New York State is a product of the 
New York State environment. If we have read the geo- 
logical record correctly, the floristic elements which 
we have in New York as well as the growth forms 
and the plant societies were largely products of en- 
vironmental forces operating long before the post-glacial 
conditions of environment in our State became operative. 
We must recall also that the glacial invasions obliterated 
our vegetation, though we must suppose that many of its 
pre-glacial and inter-glacial floral elements, if they were 
not already represented south of the ice-covered region, were 
caused to migrate southward and so stood in a relation to 
permit reinvasion upon the retreat of the ice cap. So we 
ean scarcely say that this environment moulded a vegetation 
product but rather that the already largely determined 
elements of a vegetation fell into their respective environ- 
mental relations. This statement in no wise affects the view 
as to what réle environment, wherever operative, plays in 
determining the evolution of floral groups or the origin of 
growth forms and the development of plant societies, while 
on the other hand, it enables us to emphasize again the fact 
that environmental experience has become so thoroughly 
impressed on species that one is struck rather by their habit 
of falling into their environmental niches than by the 
tendency to get out of them. See also page 48. 

Thus after repeated migrations, or at least of extinction 
within the area of New York — caused especially by glacial 
invasions — our northern conifers, which we saw were 
segregated in boreal regions with the gradual differentiation 
of polar climate, have each time fallen back into the same 
zonal relation. 

The State of New York presents an environment of signifi- 
cance in determining the segregation of vegetation upon it in 
the following respects: 

1. By reason of its geographical position, especially as to 
latitude, the State lies within the zone of great summer- 
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winter contrasts of temperature which permit plant activity 
(speaking generally) during certain months and bring about 
an enforced dormancy during other months. In our yearly 
experience, no fact of our vegetation stands out so prom- 
inently as this rebound into activity in spring and subsidence 
into dormancy in the fall. If they had not grown common- 
place by being long taken for granted the adaptations in 
our plants to this type of climate would excite wonderment. 
In the zonal segregation of floral elements, manifestly there 
have been excluded from our region vast numbers of species 
whose protoplasm could not withstand the low temperature 
or the fluctuations of temperature, or excluded from other 
sauses associated with our temperature conditions. On the 
other hand it is conceivable that others are excluded by 
reason of not being able to withstand the highest temperatures 
which we have. 

2. By reason of its position with respect to the ocean and 
to the main continental mass and to the great inland lakes 
this State occupies a favorable position in regard to atmos- 
pherie moisture — relative humidity, rainfall and snow- 

fall. Climatically it is a region in which forest vegetation 
naturally dominates over other types—as grass land — 
which is the reverse of what prevails in the middle of the 
continent at the same latitude. The temperature conditions 
are also influenced by this maritime and inland lake rela- 
tion, extremes being notably reduced in territory adjacent 
to these waters. ‘See page 62. 

3. The general plan of relief features of the State,— low 
valleys and lake basin plains (the Ontario-Iroquois basin for 
example) ; elevated plateaus dissected into hill lands; moun- 
tain masses rising to noteworthy elevations (4,200 feet in the 
Catskills and 5,350 feet in the Adirondacks), serve to 

intensify climatic differences largely by influencing the 
temperature relation, but also through effect upon air move- 
ments, atmospheric moisture, relative humidity, clouds, fogs, 
dew formation, rainfall and snowfall. For example, the 
erowing season as measured between the last spring frost and 
the first fall frost is more or less 90 days in the high Adiron- 
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dacks and 150 days in the St. Lawrence valley somewhat 
farther north. 

4. The highly differentiated terrain or substratum for 
plant growth which New York State presents —a terrain 
which as we learned was in a great measure prepared by 
glacial action — is the sort of environment to call forth the 
widest range of vegetation aspects, a condition which might 
be characterized as a mosaic of plant associations — water 
vegetation, marsh-meadow and swamp forest, climax forest of 
varying composition according to zonal boundaries, and 
finally even a bit of arctic vegetation (as on the summit of 
Mt. Marcy). 

5. The presence of so vast and varied a population of 
animals and plants crowded into an area lke that of New 
York State becomes itself one of the most determining or 
most powerful groups of environmental factors. These 
interrelations of organisms are too complex for presenta- 
tion here even if one could successfully analyze them, but 
one need only »ention the native mammal population — 
deer, beaver, porcupine and the vast numbers of small 

rodents — and their habits with respect to plant life; the 
bird population especially as related to seed distribution ; 
the insect fauna particularly as regards flower pollination 
and preying upon foliage; wood-boring and bark beetles, 
ete. ; the crowding of plant species into compact formation as 
in a high forest with resulting adjustments in form, shade 
tolerance, etc.; the forest floor species; the forest soil fungi 
and bacteria and their relation to a sanitary soil; the wood 
destroying fungi, parasitic fungi, symbiotic relations, and 
so on. 

The Content of the New York State Flora. 

It may seem a bit curious in view of the advanced state 
of botanical knowledge, of the great activity in botanical! 
investigation, of the extent to which botanical study is car- 
ried on in high schools and colleges, and particularly in view 
of the extent to which botanical knowledge is applied in 
exploiting and protecting crop production and forestry, that 
we should be so far from knowing what species of plants 
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compose our flora. To be sure, a vast amount has been done 
toward gaining a knowledge of it. As early as 18437* a 
natural history survey of New York was made in which 
botany was included, although the survey of the flora was 
confined to pteridophytes and spermatophytes. We have a 
number of floras of counties and more of special districts,” 
though these generally embrace only the vascular plants, 
The other groups have been considered, naturally, but not in 
a comprehensive survey of the State. The time is ripe and 
the need is great for a thorough-going survey of our flora. 
In this, we need not merely to know what species we have 
but their numbers and the frequency of their occurrence, 
where and in what environment they occur and the réle they 
play in the vegetation and with respect to animal life and to 
human welfare. In this enterprise a proper sense of propor- 
tions is to be exercised. We have too long held the idea — 
really based on lack of information or on sentiment — that 
the only things which mattered were the conspicuous plants, 
notably pteridophytes and spermatophytes and, of these, 
especially trees and shrubs and those with conspicuous 
flowers. In a way this is a logical view, seeing that the 
earth’s vegetation is so predominantly made up of angio- 
spermous plants. But they are by no means the only ones 
that matter. Could we, for example, have any climax forest 
at all if it were not for the role played by fungi and bac- 
teria? In human society, we are rapidly discovering that 
the upper strata, so-called, are not the only ones that matter. 
The welfare — moral, sanitary, ete., of the lower strata, 
so-called, is of fundamental concern for the whole commun- 
ity. We may draw a lesson if not even point an analogy in 
the consideration of our flora. 

1 Torrey, John; Flora of the State of New York, 2 vols. In Nat. 
Hist. of New York, Division 2, Botany. Albany, 1843. 

2T have not attempted to compile a bibliography of New York 
botany. This work is being done by the present State Botanist, Dr. 
Homer D. House, Albany. Dr. John Hendley Barnhardt of the New 
York Botanical Garden has made careful lists of local floras. See 
especially his list of local floras of the Torrey Club range in Norman 
Taylor’s flora of the vicinity of New York, p. 38. 
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Following is a condensed outline of the plant kingdom 
giving, according to a rather old-fashioned classification, four 
sub-kingdoms with the larger natural groups under each. So 
far as data are given as to numbers of species they may indi- 
eate what the expectation may be for New York State. As 
a matter of fact I have not given much time to the collection 
of floral statistics. 

General Outline of Classification. 

I. Thallophytes. 
1. Bacteria. 
2. Blue-green algae. 
3. Green algae. 

Dr. M. A. Howe suggests a broad estimate 
for blue-green and green algae together, in- 
cluding desmids but excluding diatoms, of 
1200 species for New York. 

. Stoneworts. Chara, Nitella, ete. 

. Brown algae. Marine. 

. Red algae. Mostly marine. 

. True fungi embracing three greater and numer- 
ous lesser groups. 

a. Alga-like fungi (water moulds, downy 
mildews, black moulds, ete.). 

b. Sac fungi (blue moulds, powdery mil- 
dews, black fungi, cup fungi, morels, 
ete. ). 

e. Basidium-bearing fungi. 
(1) Rusts and smuts. 
(2) Coral fungi, polypores (bracket 

fungi, ete.), gill fungi (mush- 
rooms and toadstools as gen- 
generally known), puff balls, 
ete. 

The number of gill fungi alone estimated 
for Michigan is 1000 species. Dr. Peck? de- 

1 Peck, Chas. H. List of species and varieties of fungi described by. 
Bull. N. Y. State Mus., 131:1909, pp. 59-189. 

“IO Ot 
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scribed over 2500 species of fungi not all of 
which, however, were New York species. 

8. Lichens (included by Dr. Bruce Fink among 
true fung1). 

The total number of species and sub-species 
given for Minnesota! is 428. 

Il. Bryophytes. 
1. Liverworts. Number of Connecticut species, 

OTe 

2. Mosses. Number of Connecticut? species, 280. 

IIt. Pteridophytes. 
1. True ferns, ete. 
2. Scouring rushes. 
3. Club mosses, ete. 

Total number of New York Pteridophytes 
about 94. 

IV. Spermatophytes. 
1. Gymnosperms. Number of New York species, 

18): 

2. Angiosperms. 
Flora of Monroe County,’ native species 

and varieties, 1200. 
Flora of the vicinity of New York City,* 

native species, 1930. 
“families of Angiosperms, RG 
“genera of Angiosperms, 830 
es species of monocotyledons, 663 

‘“ species of dicotyledons, 1267 

1 Fink, Bruce. Lichens of Minnesota. Contr. U. S. Nat. Herb., vol. 
l4e pt. Ls1910: 

2 Evans, A. W., and Nichols, G. E. The Bryophytes of Connecti- 
eut. Conn. State Geol. and Nat. Hist. Surv. Bull. 11:1906. 

8 Beckwith, Florence, and Macauley, Mary E. Plants of Monroe 
county, N. Y. and Adjacent Territory, Proce. Roch. Acad. Sci. 3:1896, 
and 5:1910 (the latter a supplementary list). 

4Taylor, Norman. Flora of the Vicinity of New York, Mem. N. Y. 
Bot. Gard., 5:1915. The Torrey Club range includes territory within 
a radius of 100 miles of New York City. Possibly data from this 
range would equal if not exceed expectation for the whole of New 
York State for the groups covered. 
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ZONAL RELATIONS OF NEW YORK FLORA. 

The presence of temperature zones about the earth has been 
vividly impressed upon the mind by many circumstances. It 
may have been first when you began the study of formal geog- 
raphy. The earth was found to be girdled by belts or zones 
from the equator to the poles. A high mountain in the 
tropics was shown to be similarly belted from a tropical base 
through temperate slopes to a frigid summit. Perhaps there 
were pictures showing these zones with their characteristic 
animals and plants or the peculiar costumes and occupations 
of the people. 

This zonal differentiation of the earth with respect to 

temperature and particularly the differentiation of life zones 
corresponding to and indeed visibly marking the temperature 
zones, is fundamental elementary teaching. The vital point 
for our present consideration is that all this represents a his- 
tory of environmental change and of adaptation of living 
organisms to the differentiated environments. We learned 
from the geological record that in the Carboniferous period 
for example, the climate of the earth was uniformly tropical, 
supporting a uniform, tropical vegetation even within the 
polar regions. Beginning, apparently, in the later Jurassic 
period, there ensued a gradual differentiation of climate 
marked by increasingly lower temperature toward the poles 
and notably by yearly fluctuations of temperature —1. e. 
alternating warm and cold seasons. Coincident with this 
there came about a segregation of species adjusted to differ- 
ent degrees along the temperature scale from tropical climate 
to arctic climate. What this means will be clear from a 
selection of well known or fairly well known species of plants 
from different latitudes along the north-south seale. Thus, 
mahogany, palmetto, giant magnolia, sweet gum, tulip-tree, 
chestnut, sugar maple, white pine, red spruce, balsam, paper 
birch, Bank’s pine, dwarf birch, arctic willows, tundra heaths 

and reindeer moss. 
We started out you remember, with the idea of emphasiz- 

ing the developmental aspects of vegetation. We especially 



48 College of Forestry 

set forth the plant organism as having the capacity to invade 
unoccupied territory. Vegetation was to be regarded by us 
as the forward march of plant life in its occupation of the 
earth. We did not raise the question as to when or how 
plant life began to occupy the earth. We simply opened the 
record at a period when we found evidence of a uniformly 
tropical earth and of a massive tropical vegetation on at 
least some of the land pretty much over the whole globe. But 
as ages pass, the earth becomes a different earth so far as 
offering a plant environment is concerned. Its surface under- 
goes momentous changes. Its climate changes even more 
fundamentally. Yet we find plant life keeping up with the 
environment as one may say. Thus in keeping pace with 
temperature changes we have these antipodal conditions 
where, on the one hand, a species carries out its vital pro- 
cesses of nutrition, growth, development, reproduction, in 
what amounts to hothouse climate the year round while on 
the other hand a species carries out its life functions at tem- 
peratures from near freezing to summer heat, with daily 
fluctuations of temperature from below freezing to summer 
heat, and during nine months of the year is held dormant by 
freezing temperatures which fall as low as sixty, seventy and 
even ninety degrees below zero Fahrenheit, as in forest 
regions in Arctic Siberia.* 

Now, in the long run, these temperature adjustments be- 
come so deeply impressed in the lying substance or pro- 
toplasm of a species that its zonal relation is a sort of fixed 
habit. Thus the species which in the long run dominate our 
New York vegetation — tulip tree, oak, chestnut, hickory, 
maples, beech, birches, hemlock, white pine, spruce, balsam, 

and so on, may be said to have become so thoroughly identi- 
fied with a climate which offers the sort of growing season 
and dormant season which New York does that the experi- 
ence of winter is a necessary experience to them. It is, of 
course, a phase of environment to be endured, but on the 

other hand it is a necessary means of stimulating develop- 

1 Warming, Ecological Plant Geography, p. 24, 
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mental vigor. Thus the winter is not a recurrent catastrophe 
for our vegetation but a stimulus to it. Indeed cases are 
easily cited where a period of low or even freezing tempera- 
tures is necessary to stimulate germination of spores and 
seeds, growth of bulbs and tubers, bud opening, ete. It seems 
however, necessary, in spite of this apparent zonal fixity of 
species, to think of them as charged with the sort of energy — 
variability, vigor of growth, vigor of seed, resistance to 
disease, ete.-— which drives them toward the occupation of 
environments different from what they now hold, in short to 
burst beyond their zonal boundaries or rather to enlarge these. 
If this were not true, then we should have to believe that in 

the long run plants could not retain possession of the earth’s 
surface. So we think of sweet gum, tulip, oaks, hickories, 
as exerting a pressure of distribution to the north of territory 
now dominated by them; so with respect to maple, beech, 
birch, etc. Also we think of them as exerting pressure of 
distribution southward. 

Now it may well be —is undoubtedly — the case that a 
species may through age or whatever, become so fixed in its 
adjustment to a given environment as to have left little vigor 
of invasion — little competition power — or capacity to fol- 
low environmental changes; not even be able to resist the 
more vigorous species from invading its own zone. Possibly 
our conifers or some of them are in this condition. They are 
certainly very old species, not capable of much variation, 
not very vigorous in gaining new ground. Such species may 
be looked upon as on the road to extinction. We should 
expect such species from noting how whole dominant groups 
have disappeared from the earth. There are some to be 
found at the present —e. g., ceyeads — scattered as isolated 
genera of few species in widely different regions of the earth. 

It is of advantage to recognize these qualities of our 
species, both native and cultivated. Vigor, adaptability, 
resistance to disease and to aggression of other species; 
relation to climate and soil; longevity; rapidity of growth 
and development; abundance of seed production or vigor 
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of vegetative propagation; capacity to yield new variations, 
ete., are qualities that must be considered in this day of 
intensive cultivation. ; 

But to return to the question of zonal relations; North 
America as a whole les in a position with respect to latitude 
such that it presents a succession of hfe zones from tropical 
to arctic, the uniformity of which is of course much modified 
by elevation and other factors. These zones as defined by 
Merriam * are as follows: 

I. Tuer Borat Recron. 
1. The Arctic-Alpine Zone.— The far north beyond 

the limit of tree growth and in the United States, high 
mountains above timber line. Zone of the polar bear, 
musk ox, reindeer and of arctic poppy, dwarf willow, 
ete., in north polar regions. 

2. The Hudsonian Zone.—Includes the northern 
part of the boreal conifer forest stretching from Labra- 
dor to Alaska. In eastern United States it is limited 
to the eold summits of the highest mountains from 
northern New England to western North Carolina. 

3. The Canadian Zone.— Includes the southern and 
most valuable part of the transcontinental boreal conifer 
forest in Canada and parts of Maine, New Hampshire 
and Michigan, extending southward along the Appa- 
lachian highlands to western North Carolina and Ten- 
nessee. Zone of red spruce, balsam fir, paper birch and 
mountain ash. 

II. Tur Austrat Reeron. 
4. The Transition Zone.— The eastern humid area 

called Alleghanian area. Includes the northeastern 
states and part of the Canadian provinces and the 
Alleghanies from Pennsylvania to Georgia. Zone of 
overlap of oaks, chestnut, hickories, ete., with more 
northerly birches, beech, hemlock and sugar maple, ete. 

1 Life zones and crop zones. Bull. U. S. Biol. Surv., 10:1898. Map 
revised to 1910. This bulletin could be profitably read in this con- 
nection. 
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5. The Upper Austral Zone.—In eastern United 
States, the Carolinian area. From the lower Hudson 
and coastal region of New Jersey to the mouth of 
Chesapeake bay and westward and southward at mod- 
erate elevations. Zone of tulip-tree, hackberry, sweet 
gum, red bud, persimmon, ete. 

6. The Lower Austral Zone.—In eastern United 
States, the Austroriparian area. The coastal plain 
from mouth of Chesapeake bay to Florida and the 
other Gulf States westward. Zone of long leaf and 
loblolly pines, bald cypress, live oak, magnolia and 
tupelo. 

Ill. Tue Tropicat Reeron. 
7. The Tropical Zone of southern Florida char- 

acterized by royal palm, mahogany, mangrove, ete. 

Applying New York to the temperature scale and having 
in mind latitude only our State would fall in the region 
rather between the zones where southerly or austral condi- 
tions give their impress and those where northerly or boreal 
conditions do it—in the Transition zone of Merriam. On 
a theoretical latitude and sea level basis, this State would 
scarcely enter the boreal forest zone of spruce, balsam and 
paper birch. But the actual climatic situation in New York 
is radically different from the theoretical one based on 
latitude and approximate sea level. This is in part due as 
mentioned previously to the influence of the ocean on the one 
hand and to the great lakes on the other, but more especially 
to elevation. In order to get the effect of elevation vividly 
in mind let us imagine the construction of the relef features 
of New York on an approximately sea level foundation." 
We construct a general plateau of say 2,000 feet elevation 
earried up to a maximum of 4,205 feet in the Catskills and 

“to 5,350 feet in the Adirondacks. Next we dissect this 
plateau down to the aspect of a hill and mountain land, 

1 Of course this imaginary construction bears no intimation of actual 
geological processes which have shaped the present configuration of the 
State. 
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cutting well defined streamways which converge to form the 
Delaware, Susquehanna and Alleghany drainage systems 
cutting into the plateau from the south. The Hudson-Cham- 
plain valley is a dissection to near sea level, cutting the 
State across from south to north. At the northwest we should 
plane down to fit the Ontario Lake basin, thus constructing 
the low, level plain bordering that lake and extending east- 
ward as the Iroquois basin including the Oneida Lake basin. 
The Mohawk is, then, a low and mostly broad valley a few 
hundred feet above sea level and joining the lake basin 
country with the Hudson valley. This cut severs the 
southern or Alleghany plateau from the Adirondacks. The 
lake basin country is continued around the north of the 
Adirondacks as a broad, low plain, the St. Lawrence valley. 
From the Iroquois-Ontario basin, cuts will be made back into 
the Alleghany plateau constructing the Genesee drainage 
and the Finger Lake region of narrow north-south valleys 
opening out upon the lake basin plain. Finally, dissection 
of the Adirondack plateau would include sharply defined 
channels such as the Black, Oswegatchie, Raquette, Saranac, 
Ausable and upper Hudson rivers and other masked or 
poorly established drainage features which may represent 
the effects of glacial filling. See Fig. 1, relief map of New 
York. 

The extremes of climatic conditions as thus created, added 
to latitude and ocean influence factors, may be expressed by 
a contrast between Staten island and the summit of Mount 
Marcy. Unfortunately, actual figures are not available for 
Mount Marcy, but so far as growing season is concerned, 
where absence of frost is taken as a criterion, the summit of 
Marcy would scarcely have any growing period at all for 
warm climate plants which reach their northern limit at the 
mouth of the Hudson, for it is doubtful if any month is 
wholly free from frost. Certainly the growing season for 
even the cold resisting arctic flora of the summit can scarcely 
exceed three months, while around New York bay the 
frostless period covers 200 days. But this doesn’t express 
the full force of the difference between these two extremes. 
One should know the daily range of temperature in summer 
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which of course for the mountain summit would be extreme. 
Again the lowest winter temperatures, the duration of zero 
or below zero temperatures and so on. 

On Staten island are found such Austral plants as sweet 
gum, persimmon, mistletoe, willow oak, ete. On Mount 
Marcy, arctic species, such as Diapensia lapponica, Rhodo- 
dendron lapponicum and a score of other species whose dis- 
tribution is throughout the arctic regions of the three 
northern continents extending southwar d only on high moun- 
tains. This is much the sort of difference that one Soll get 
as between southern Illinois and Hudson bay. It supports 
the suggestion that within New York State there may be 

recognized a right wide range of floral provinces. But I wish 
to eaution the reader against accepting without qualification 
the alleged facts of temperature effect as determined by 
elevation. Many of the phenomena of distribution will be 
found correlated with soil conditions, slope and exposure, 
local air drainage, etc., so that in reality the local edaphic 
conditions must be known. 

Effects of Elevation on Zonal Relations as Shown by 

Transects of the State. 

A very instructive and in general a very effective study 
of the facts of plant distribution on a panoramic scale, as it 
were, may be made from the car window * while traversing 
the State on the various railway lines. After you have 
gotten the habit well formed and have learned to recognize 
a fairly wide range of species at a distant and rapidly 
passing glance, the landsc: ape becomes a particularly enter- 
taining ‘‘ movie.” 

Transect from the Lower Hudson to Rouse’s Point. 

Thus in traveling from New York City to Rouse’s Point 
you make a complete north-south transect at very slight eleva- 
tions along the Hudson-Champlain Valley. Beginning with 

1 We are indebted to Dr. R. M. Harper of College Point, L. I., for 
vigorous support of projects connected with the study of the geographi- 
cal distribution of plants. The “car window” method of studying 
plant distribution has been used and recommended by him as a valu- 
able adjunct to more detailed studies. 
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a relatively mild maritime zone where willow oak, laurel 
magnolia, sweet gum, persimmon, etc., occur, you quickly 
pass from these into a dominantly chestnut, oak, hickory 
zone in the Highlands. This type is most intensely marked 
in the Palisades Park Highlands but also in the Westchester 
Hills and continues in strength up the Hudson well toward 
Albany. This element (See Zone B, p. 71) is weaker north- 
ward and by the time you reach W hitehall, chestnut has dis- 
appeared. * At Westport you still find some oaks (especially 
red oak and white oak), hickories, red j juniper and others of 
our chestnut, oak, hickory type or Zone B; but if you thence 
go a few miles westward toward Elizabethtown you enter a 
typical maple, beech, birch, hemlock, white pine forest zone 
(our Zone C). This is also virtually the case on well-drained 
soils (not sands) at Rouse’s Point and westward across the 
St. Lawrence Valley (not on wet lands). Thus it appears 
that latitude, even augmented by removal of immediate ocean 
influence, does not produce a very wide floristic range in New 
York. This would be more strikingly the case even for a 
transect between Binghamton (at valley level) and Massena 
Springs in the St. Lawrence Valley, for at Binghamton we 
begin with Zone B. 

The Zonal differences are strikingly greater and the effects 
come much more rapidly when you traverse the State on lines 
crossing the Catskill highlands and the Alleghany Plateau 
(e. g - New York C ity to Oswego) or across the main Catskill 
(eee (e. g. Catskill via Tannersville, Phoenicia and 
Arkville to Oneonta). 

Transect from Staten Island to Oswego. 

Here, again, you begin with the maritime zone where a 
few northerly ranging species persist which you will have 
come rather to associate with Virginia, North Carolina, ete. - 
than with New York, Northern Pennsylvania, Gina: ete. 
You traverse again the highland region of maximum fre- 
quence of chestnut and of dominant chestnut-oak, of flower- 
ing dogwood, ete. From Cornwall to Middletown, cultural 
vegetation — regions of farming and dairying — will have 

1T am indebted to Mr. George L. Barrus of the N. Y. State Conserva- 
tion Commission for data as to the distribution of chestnut in New York. 
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given native vegetation a secondary role. You learn to as- 
sociate this condition, as everywhere else in New York, with 
the fine growths of scattering American elms. Still in wood 
lots and waste lands you note that oak, chestnut, hickory, 
tulip and their associates persist, and this continues to Moun- 
tain Dale, elevation, 1000 feet. Here you enter a northward 
extending arm of the Appalachian association of rhododen- 
dron and mountain laurel, first in forest of chestnut, oak, hick- 
ory and tulip, but above Fallsburg (elevation 1,200 feet), the 
forest becomes dominantly sugar maple, beech, yellow birch, 
hemlock, and white pine or, on denuded forest lands, red 
maple, popple birch and fir cherry. The rhododendron con- 
tinues in this Zone C to some 1,400 feet elevation. You now 
come well up on the high ridge which farther northeast cul- 
minates in the main Catskill Mountain region. The maple, 
beech, hemlock forest continues dominant on uplands, the 
northerly type of swamp forest and much alder thicket 
and willow shrub on wet flats. Finally at the highest point, 
Young’s Gap, elevation 1,800 feet, red spruce and an occa- 
sional’ balsam indicate the Canadian Transition Zone, D, 
which you will note dominates the Catskill Mountains gen- 
erally and of course the main body of the Adirondack region. 
Then from Parksville (1,700 feet) down to the Delaware 
at Cadosia (1,000 feet) the zonal arrangement is repeated, 
rhododendron again appearing in Maple, beech, hemlock 
forest. Then over the divides at Apex, Northfield, Summit, 
Smyrna and Eaton the typical Appalachian- ‘Transition 
(Zone C) forest type is dominant, the oak, chestnut, hickory 
only intensified with each descent into valleys (Rock Rift, 
Sidney, Oxford to Norwich).? Finally, after you have 
concluded that the maple-beech-hemlock type has become 
fully dominant, you drop down into the Oneida Lake basin 
to find pure stands of oak (several species and on shore 
sands), sycamore, and occasional tupelo gum and hackherry 
on bottom lands. Then on the sand beds at Phoenix the finest 

1 This recurrence of Zone B elements along valley walls leads to the 
suggestion that purely edaphic conditions may play a stronger role 
in this case than simply lower elevation. 
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single specimens of chestnut and the finest bit of chestnut for- 
est which you have seen during this transect — or perhaps 
any other in New York espec sially in view of the destruction 
of this species by chestnut blight. So across the low elevation 
of the Oneida-Ontario basins to Oswego, oaks, hickories, 
chestnut and tulip continue, especially on the sand beds. You 
have therefore a combination of factors; not merely the 
return to near the low elevation with which you began the 
transect, but the modifying influence of the great inland lakes 
and the effect of deep, well-drained sandy soils. It should 
be noted that even in the basin country from Oneida to 
Oswego the normal climatic type of maple, beech, birch, hem- 
lock and pine asserts itself on elevated ridges, dr umlins, ete. 

Transect of the Adirondacks. 

The maximum effects of elevation on temperature differ- 
ence and zonal relations may be seen in traversing the Adi- 
rondack region from the low elevation of Lake Champlain to 
the similarly low St. Lawrence valley westward. This may 
be done by rail from Plattsburg to Lake Placid, thence via 
Tupper Lake Junction to Childwold, to Cranberry lake, 
thence from Wanakena to Carthage and via Philadelphia to 
Clayton. 

The following transect is constructed from rail, stage and 
foot travel between Clayton and Westport including the high- 
est elevation of the Adirondacks, Mt. Marcy. 

Beginning at Clayton on the St. Lawrence, one finds a 
sprinkling of oak and hickory representing the weak or 
thinned out extension of this element which extends down 
the St. Lawrence valley in notably less strength than on the 
south side of Lake Ontario. Chestnut scarcely extends this 
far — certainly only in sporadic specimens. The flat plain 
east to Philadelphia has characteristic lowland woodlots of 
elm, red maple, ash, ete., or typical swamp forest minus the 
better commercial stuff <, pine, white cedar, which 
have been cut out. Occasional flat sandy soils are covered 
with aspen, popple-birch, ete. From Philadelphia eastward 
the delta sands intervene and where was formerly white pine 
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is now heath-shrub and pitch pine. But in general, this val- 
ley rim up to 1000 feet elevation or rather more, is a sugar 
maple, beech, hemlock, pine region. (Zone C.) At Lake 
Bonaparte and Harrisville, (1400 feet) red spruce on up- 
lands, balsam and tamarack on flats and paper birch on pro- 
jecting points are indication of the Canadian-Transition 
(Zone D) which then becomes more intensified on through to 
the higher Adirondacks. Here it will be noted, sugar maple, 
beech, vellow birch, hemlock and white pine forest is rein- 
forced by the more boreal red spruce and balsam and paper 
birch and partly for this reason the zonal distinction,— Can- 
adian-Tr: ,—is made. But this distinction is streneth- 
ened by the character of the forest floor species. Thus, witch 
hobble, spimulose shield fern (Dryopteris spinulosa | Miuell. | 
Kuntze), and American shield fern (Dryopteris intermedia 
[Muhl] Gray) (especially the latter of these ferns), wood 
sorrel and shining club-moss (Lycopodiwn lucidulum 
Michx.) constitute the ereater per cent — some times practi- 
cally the whole — of a dense ground cover. Bunch berry, yel- 
low Clintonia and twin flower (Linnaea americana Forbes) 
yet more boreal species, are also abundant. The further re- 
sults of elevation are known to me chiefly by data from Mt. 
Marey and adjacent peaks. Between 3000 and 3500 feet one 
passes out of the Canadian-Transition Zone (D). 
The sugar-maple, beech, yellow birch, hemlock and 
white pine thin out, giving place to a (scarcely 
typical because rather dwarfed) Canadian Zone  for- 
est (EK), in which red spruce balsam, paper birch and 
mountain ash (Sorbus americana Marsh) are dominant. 
Above 4500 feet the forest becomes strongly dwarfed and a 
few hundred feet below the summit it is a dense serub thicket 
searcely man-high. This makes a compact mat-like growth 
still farther up in the ravines (See Fig. 3) and finally the 

conifers are mere dwarf, spreading shrubs. With this we 
come into a distinct zone (F) in which although species 
from lower elevations persist, the character giving species 
are arctic plants (see list under Zone F. indicators, page 77) 
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which by some are looked upon as relicts of a glacial flora but 
which in any event are cireumpolar in their distribution 
(America, Eur.-Asia) and besides occupy high mountain 
peaks in New York and New England. 

Descending from Marey summit, from Lake Tear of the 
Clouds down to within perhaps two miles of Upper Ausable 
Lake, boreal conifer forest remains dominant, but below 
3000 feet the sugar maple, yellow birch, beech rd hemlock, 
return and with red spruce and balsam. constitute again the 
characteristic forest. Descending rapidly from the Ausable 
Club ground in the sheltered north-south valley (keene Val- 
ley) one is impressed after days of Adirondack vegetation, 
by the presence of oaks, elm, ash, cherry and some other non- 
Adirondack species. But it remains for the stretch from 
Elizabethtown to Westport to carry you into a clear-cut arm 
of Zone C. Within a distance of three miles, walking east 
from Elizabethtown, you can list nearly all of the indicator 
plants of this Alleghany Plateau (in New York) type as seen 
for example at Tully. Finally as you approach within a mile 
or two of Lake Champlain, oaks, hickories, red cedar and 
other species indicate, not a characteristic, but a “ thinned 
out” extension of Zone B. It should be stated in this con- 
nection however that red oak and white oak range farther 
north than others just as in the case of shag-bark and pig- 
nut hickories and so constitute less valuable indicators of 
Zone B as one finds it, for example, in the Hudson valley 
and the Highlands. 

Effects of Plateau Dissection on Zonal Relations. 

The study of certain features of the dissected highk 
deeply cut valleys and the slope and exposure of their ad- 
jacent sides — yields instructive data as to the distribution 
of floristic elements. 

In general the dissection of the plateaus by north-south 
drainage channels leads to a northerly extension of austral 
species... In the Hudson Valley the oak, chestnut, hickory 

1T am indebted to Mr. W. D. Funkhouser of Ithaca for confirmation 
of this statement in the case of certain insect distributions. 
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forest elements persist more or less strongly to Glens Falls 
and Whitehall. These forest forming species follow the 
drainage valleys of the Delaware, Susquehanna and Alle- 
ghany systems well into the Alleghany plateau, 1. e., into the 
zone of sugar maple, hemlock, white pine, beech and yellow 
birch. This northerly extension appears to be especially 
marked in the region where the long, deep valleys of the 
Cayuga and Seneca lake basins continue the dissection across 
the plateau into the Ontario basin. 

The case of Keene Valley above mentioned seems properly 
to be explained on the ground of a north-south cleft along 
which more southerly species extend into otherwise character- 
istic Adirondack conditions. Naturally these north-south 
channels give rise to the so-called “‘ warm pockets” where 
natural species exist or cultivated ones thrive which could 
not endure the temperature conditions (early and late frosts 
probably) of the general region. No doubt numerous such 
warm pockets are known to farmers and fruit growers al- 
though I have not gathered the data concerning them. 
Kaaterskill clove (see frontispiece) is a cleft opening south- 
ward from the Catskills upon the Hudson Valley. Here the 
oak, chestnut, hickory zone (notably chestnut-oak in force) 
is thrust up beyond 1500 feet elevation into the sugar maple, 
yellow birch, beech, white pine, hemlock zone on the border 
of a yet more boreal expression of it as indicated by red 
spruce and balsam (at 2000 feet). 

On the other hand, these same north-south channels cut in 
the Alleghany plateau, appear to favor the extension of 
boreal species southward beyond their general New York 
range. This phenomenon is associated with the exposure by 
dissection of high steep north and east cliffs and slopes. 
Without the support of experimental data or frost records 
one would say that we are here dealing on a large scale with 
a difference like that between the sunny side and the shady 
side of a house standing in the open. Such a case is found 
on a north facing wall of the Genesee gorge at Letchworth 
Park where paper birch and red pine are present. The val- 
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ley of the Canisteo shows this sort of thing even more notably. 
At Cameron for example, the high steep north-eastward fac- 
ing valley slope bears an almost pure stand of paper birch. 
Twin flower (Linnaea americana Forbes) was one of the 
ground cover species here. This is a boreal species very 
common in typical Adirondack forest. 

I suppose we may consistently use the name “ cool 
pockets” for situations created by plateau dissection where 
imperfect air drainage permits the gathering of chilled air 
thus favoring unseasonable frosts. 

Possibly the occurrence of such a boreal plant as dwarf 
Canadian primrose (Primula mistassinica Michx.) at differ- 
ent stations in the Alleghany Plateau region might be ex- 
plained in this connection. However, I have not personally 
seen it there. 

Finally, in this connection, the Mohawk Valley shows the 
effect of plateau dissection through slope exposure on dis- 
tribution where apparently temperature differences are cre- 
ated. Thus in the more gorge-like part of the valley from 
Little Falls eastward the south exposures (north side of 

valley) bear the oak, hickory, chestnut type of growth while 
the prominent north exposures of the south rim of the valley 
show a large percentage of paper birch. 

Influence of Lakes upon Zonal Relations in New York 

State. 

This subject has been investigated especially with refer- 
ence to the influence of the Great Lakes upon agriculture 
through their effect upon the occurrence of frosts. Von 
Engeln * in a contribution on the effects of continental glacia- 
tion upon agriculture devotes several paragraphs, (pages 
346-350 of bull. listed below) to a discussion of glacial lakes 
and their effects on local climates and agriculture in which 
he cites especially the work of Whitson and Baker? for 

1Von Engeln, O. D. Effects of continental Glaciation upon Agri- 

culture. Bull. Amer. Geoor. Soc., 46:1914, pp. 241-264 and 336-355. 
2 Whitson, A. R., and Baker, O. E. The climate of Wisconsin and 

its Relation to Agriculture, Univ. of Wis. Agr. Expt. Sta. Bull. 233: 
July, 1912, pp. 25-27, 44, 54, 64. 
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Wiseonsin, Schneider for Michigan and Wilson* for New 

York. The basis for the influence of bodies of water upon 
loeal climate is set forth in the following from Von Engeln, 
p. 347. “ Where bodies of water of considerable area exist 
they exert an important equalizing effect upon the tempera- 
ture. Water absorbs more heat, holds more heat, is warmed 
to greater depth, absorbs and radiates heat more slowly than 
land. Further, 50% of the insolation on water areas is used 

“Torben 
: | jScnurecel 

of fall. Reproduced by permission of N. Y. State College of Agriculture, 
Cornell University, from Experiment Station Bulletin 316, Frosts in New York 

in evaporating water. This develops a moist blanket of air 
above and adjacent to the water surfaces that is less subject 
to marked temperature fluctuations than dry air. The total 
effect of these differences is to make summers cooler, winters 

warmer, to prolong the fall season and retard spring and 
also to check sudden temperature changes in short time 
periods. This last is especially important in the northern 

1 Wilson, W. M.: Frosts in New York, Cornell Univ. Agric. Expt. 
Sta. of the College of Agriculture. Bull. 316, 1912. 
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belt of prevailing westerly winds with its alternation of cy- 
clones and anti-cyclones in which the glaciated regions are 
situated.” 

Again, p. 348, “ In New York the areas to the south and 
east of Lakes Erie and Ontario constitute distinet, wide cli- 
matic provinces with longer growing season than more south- 
erly parts of the State and constitute the great apple, grape 
and nursery growing areas for which the State is famous. 
In more restricted areas, adjacent to the narrow Finger 
Lakes of Central New York, the same climatic relations 
make possible the very successful growing of grapes.” 

A study of the relief map of New York, p. 52 and of 
Wilson’s frost data maps (bulletin cited, Figs. 158,* 139, 
140) and his map showing climatic divisions of New York 
(1. e. fig. 151) will be instructive in this connection. It is 
to be noted from these: 

1. That the influence of Lake Ontario is felt farther 
inland by reason of the wide extent of the lowlands of 
the Ontario-Iroquois basin. 

2. That in the case of Lake Erie the nearness of the 
Alleghany plateau to the lake restricts, by the factor 
of elevation, the zone of moderated climate. 

3. That the extension of southerly species of plants 
would be favored across the plateau region by the mod- 
erating influence of the larger finger lakes as well as 
by the factors of dissection and elevation referred to 
on page 60. 

Does the Native Vegetation Reflect This Moderating 

Influence of the Lakes? 

A closer analysis of floristic data is desired before an 
elaborate answer can be given, but my own observations in 
the field reinforced by citations of species from local floras 
seem to warrant the following: 

1. The general occurrence of oak, hickory and chest- 
nut on well-drained soils, the number of species of both 

1 Reproduced here by permission, fig. 2. 
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oak and hickory and the large growth of chestnut in- 
dicate the presence of this zonal condition much as it 
prevails in the middle Hudson Valley region. 

2. The prominence of basswood and American elm 
in the wet land forest (woodlots) of the Ontario plain 
(e. g. in Niagara and Orleans counties) with the infre- 
quence or absence of conifers, especially white cedar and 
tamarack (except in bogs), contrasts with the infre- 
quence of basswood and tendency to dominance of coni- 
fers (particularly of white cedar) as noted in the St. 
Lawrence Valley and indicates an austral rather than 
boreal relation of the former. 

3. Perhaps even more convincing evidence is given of 
the moderated climatic conditions of the region lying in 
the lee of the Great Lakes in New York by the presence 
of species of more pronounced austral affinities such as 
paw-paw, hop tree, spiny aralia, American crab apple, 
hackberry, tupelo gum, flowering dogwood and redbud 
among trees or large shrubs, and lotus, swamp. rose- 
mallow, golden seal, sensitive pea, wild senna and other 
miscellaneous species. 

Apparent Effect of Glacial Filling on Zonal Relations 

Through the Creation of Bog Habitats. 

Throughout the State, generally speaking, one of the effects 
of glacial filling, i. e., the deposition of glacial debris so as 
to obstruct drainage, has been to promote bog formation by 
vegetation. In every such case there comes to be a dominance 
of so-called boreal species — black spruce, tamarack, various 
heath shrubs, sedges, orchids, sphagnum moss and so on — 
and often these bogs have been spoken of as “islands” of 
boreal life. Such bogs occur also in the region we have just 
been considering as having an austral trend of the flora by 
reason of lake influence; for example, the Mendon Ponds, 
twelve miles southeast of Rochester. We naturally suppose 
that the lake influence would be effective here, but the char- 
acter of the plant society remains as fixed as it does at 
elevated points on drainage divides of the Alleghany plateau 
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—e. g. Machias— or in the Adirondacks. The question 
arises as to whether the factor of temperature plays a role 
in the occurrence of boreal species in these bogs or whether it 
is not a matter of the physical and particularly of the chem- 
ical nature of the substratum. In this bulletin I am discuss- 
ing bogs in connection with vegetation development as deter- 
mined by the substratum, page 119, but I am disinclined 
to regard the factor of temperature as of no special moment. 
Certainly it is a common experience that bog waters are cold. 
My own experience in using Sphagnum in starting seeds 
to germinate, ete., leads to the conviction that rapid evapora- 
tion from wet Sphagnum operated to lower the temperature 
materially. The absorption and giving off of heat by bog 
water must be retarded not only by ‘the covering of bos 
vegetation but by the effect of the peaty substratum in cheek- 
ing free movements of the water. 

Nevertheless Dachnowski* found that in a Cranberry bog 
the temperature of the peat substratum during the spring and 
summer is not lower than that of other soils and is more 
uniform than that of air. 

On the other hand, investigations with respect to conditions 
under which frosts occur in cranberry bogs appear to sup- 
port the lower temperature claim. Thus Wilson ? discussing 
the effect of soil and soil covering on frost says: ‘“ The 
writer found that old cranberry bogs covered with a thick 
carpet of vines were much more liable to frosts than were 
bogs recently planted. It was believed that the thick cover- 
ing of vines prevented a large part of the heat received from 
the sun during the daytime from reaching the soil and since 
but little heat was stored up by day, only feeble resistance 
was offered to the fall of temperature at night.” 

“In the Cape Cod cranberry marshes it is the practice to 
spread about half an inch of sand over the surface of the 
marshes each year, thus covering the dry vines and furnish- 

Eiachnowski, Alfred, The vegetation of Cranberry Island (Ohio) 
and its relation to the ‘substratum, temperature and evaporation. Bot. 
Gaz., 52):1911- 

2 Frosts in New York; loc. cit., p. 516. 
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ing a reservoir for the storage of heat received by day against 
the low temperatures at night.” Wilson quotes the results 
of Professor Cox’s observations on the temperature of the 
air over peat and sanded bogs respectively in which it was 
found that during August and September the night tem- 
perature at five inches above the surface averaged higher 
over sanded bog than over peat bog by about 5 degrees and the 
greatest daily difference in one instance was 19 degrees. 

Zonal Features of the New York Flora. 

I am concerned especially at this point that you should 
keep in mind the special object of the portion of the bulletin 
dealing with so-called zonal relations, which was to show that 
in the long course of time and especially since the later 
Cretaceous and early Tertiary periods of the earth’s history, 
there has been a segregation of species into categories which 
represent different degrees of climatic differentiation — in 
short that plants have kept pace with their changing environ- 
ment so far especially as the temperature factor is concerned. 
That the species which dominate New York vegetation — and 
by dominate I mean species that constitute the massive 
element in the climax forest especially, and therefore trees — 
either as now constituted or through closely related ancestral 

species, have had this climatic experience so deeply im- 
pressed that they reflect a certain fixity of temperature rela- 
tion so that whether their “zone” moves northward as im 
the Miocene and in interglacial periods or whether south- 
ward as must have happened during glacial encroachments, 
they have taken up their relatively fixed position on the 
temperature scale. So the temperature relation, whatever 
that may mean as determining plant distribution, represents 
an environmental factor or set of factors which stimulate 
a very definite response in plant behavior so far as the 
climatic conditions are concerned in which they carry out 
their life processes. J bear in mind the adaptability of 
plants, their possibilities as to acclimatization, the degree 
to which the favorable soil relation may render them inde- 
pendent of temperature barriers, and still I must look upon 
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them as indicator species taken in the large; for example, 
sweet gum and persimmon and willow oak suggest a warm 
temperate zone; balsam and red spruce and paper birch a 
cool temperate zone or even “ boreal conditions.” In a 
relatively small area like New York, selected on a purely 
arbitrary basis, zonal differences may not be very obvious 
(except where notable differences of elevation are taken), 
still it is of very vital concern to the farmer, the fruit grower, 
the nurseryman, arboriculturist, the landscape architect and 
even the forester to know as minutely as possible the climatic 
or zonal relations of his region. 

It will be understood therefore that these zonal designa- 
tions are not offered as a final expression of the floristic rela- 
tions of the New York area — that is precisely one of the 
important lines of investigation to be undertaken in connec- 
tion with or as a result of the botanical survey of the State 
above referred to — but as an effort to orient ourselves with 
respect to the present status of plant distribution over the 
country at large and always with the implication that what 
we observe must be seen in the light of paleobotanic as well 
as of geologic history in order to reach the more satisfying 
interpretation of it. 

As previousl, y mentioned, we commonly look upon our flora 
as possessing two contrasting elements; on the one hand the 
boreal plants whose greatest development is upon Canadian 
territory. It is especially the northern coniferous forest 
region. We regard the higher Catskills and the Adirondacks 
as being a part of this region. On the other hand, the austral 
plants whose region of greatest development lies along the 
Appalachian axis to the south and to the southwestward 
through Tennessee and Arkansas to Eastern Texas. On this 
meeting ground, which from this point of view really com- 
prises most of the State, is a forest flora which is neither 
strongly austral nor strongly boreal but as Merriam ? calls it, 
transitional. It may be said fairly to reach its maximum 
development in the New York type of environment. This is 

1 Merriam, C. H. Life Zones and Crop Zones. Bull. U. S. Biol. 
Surv., 10:1897. 
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the element which composes the familiar maple, beech, yellow 
birch, hemlock, white pine forest. 

Also from this boreal-austral contrast point of view we 
say that the Appalachian axis makes an elevated highway 
over which boreal species — spruce, balsam, paper birch, ete., 
pass far into the southern states; that the Atlantic slope of 
this axis and the coastal plain, possessing a chmate much 
ameliorated by ocean influence, furnish a terrain over which 
austral species pass far to the north of their general conti- 
mental range. Thus, sweet gum, willow oak, southern short- 
leaf pine, persimmon and other species reach the lower New 
York region (mouth of the Hudson) and some of them extend 
up the Connecticut coast to Massachusetts, and American 
holly for example reaches the Maine coast. 

Now in the light of developmental history as we have 
briefly reviewed it and thinking especially of the status of 
vegetation centering about the Glacial epoch, I should like 
to consider this whole matter of our flora — and particularly 
of our forest flora—from a radically different point of 
view ; that is, a post glacial northward migration of the entire 
flora. We can start out in this project by expressing con- 
viction as to three pertinent matters: 

1. That before the glacial invasions, or if you please, 
before the last glacial invasion, essentially the present 
aspects of plant life as to floristic content, growth forms 
and vegetation types were present in eastern North 
America. 

2. During the period of glacial dominance, the vegeta- 
tion of the northern half of the continent was exter- 
minated. If any species were represented only in this 
glacial region they either migrated to unglaciated terri- 
tory or became extinct. 

3. After the disappearance of the ice sheet and with 
the gradual return of milder climate, vegetation reoc- 
cupied this glaciated terrain. This vegetation consisted 
essentially of the elements which had been present 
before. 
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The situation was therefore essentially the migration north- 
ward of vegetation upon new terrain open to it as the glacier 
melted and the warmer zones pushed northward. Consider- 
ing that the region had been covered by vegetation of 
similar floristic stock in preglacial or interglacial times, it 
would be as previously expressed a falling back of species 
into the zonal relations which long environmental experience 
had impressed upon them. We must look upon the southern 
Appalachian region especially, but the greater southern 
deciduous forest region in general, as being the region to 
supply the floristic stock and therefore the center from which 
the northward migration proceeded. The present botanical 
status of the southern Appalachians is most instructive in 
this connection. A transect of the Appalachian range from 
the “‘ downfall” of the Piedmont Plateau over the highest 
summits in North Carolina, southwestern Virginia and 
Tennessee would include, in addition to species which do not 
reach so far north as New York, essentially the forest flora 
both of our deciduous and of our coniferous forests and more 
or less segregated into zonal relations by elevations as ours 
are by latitude, elevation, and maritime and lake factors. 
Taking the flora of this transect as a standard, a transect 
northward to and across New York shows the gradual drop- 
ping out of one species after another — or groups of species 
— until when we come to the higher Adirondacks essentially 
only boreal conifers and paper birch remain of the climax 
forest trees. (See zone E of New York.) Thus, sweet gum, 
persimmon and a few others finally drop out at the lower 
Hudson region (so far as New York is concerned) ; the oaks, 
hickories, chestnut and many other associates extend yet fur- 
ther up the valleys and into the Erie-Ontario basin; maple, 
beech, yellow and sweet birch, hemlock, pine and a few 
others upon the plateau region, dropping out finally at more 
or less 3500 feet elevation in the Adirondacks where as 
stated, spruce, balsam (Abies balsamea) and paper birch 
persist. It is interesting to observe that the forest floor 
species extend in great abundance even to the Alleghany 
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plateau in New York and the more boreal ones into the 
higher Adirondacks. 

On the Atlantic slope with its maritime conditions the 
various species groups extend correspondingly farther north- 
ward, the oak, hickory, chestnut and associates over New 
England, and the maple, beech, birch, hemlock and pine to 
make the dominant forest elements of the maritime provinces 
of Canada. Of course, also, the coastal plain species (sand 
strand vegetation of Harshberger, sand barren species of New 
Jersey, Long Island coast, etc.), extend correspondingly far 
to the north. 

With regard, finally, to the alpine flora of the highest 
peaks of the Adirondacks, it also is held to be a relict flora of 
this post-glacial migration," but see further, page 79. 

Suggested Zones and Their Indicator Species. 

A. Zone of Willow Oak, Sweet Gun, Persimmon, Ete. 

Indicator Species. 
Short-leaf pine (Pinus echinata Mill.). 
Willow oak —=(Quercus phellos L.). 
Oak —= (Quercus pogodaefolia (Ell.) Ashe). 
Black-jack oak =(Quereus marilandica Muench.) . 
Laurel magnolia Magnolia virginiana L.). 
Sweet gum Liquidambar styraciflua L.). 

II II 

ane a 

IH ML A Hop tree (Ptelea trifoliata L.). 
Mistletoe — (Phoradendron flavescens(Pursh.) Nut- 

tall). 
Virginia spiderwort = Tradescantia virginiana L.). 
Day flower =(Commelina virginica L.). 

Tn addition to these and others perhaps equally important, 
the species of Zone B and many of Zone C. 

DisTRIBUTION AND Exrrent: Staten Island, southern 
Long Island, especially coastward, and a narrow belt border- 
ing the Sound from Manhattan and the Bronx to and con- 
tinuing along the Connecticut coast. Growing period (esti- 
mated from last frost of spring to first of fall) 190 to 200 

days. 

1 Adams, C. C. Post Glacial Origin and Migration of the Life of 
the Northeastern United States. Jour. Geo., 1:1902, Nos. 8 and 9. See 
especially p. 309. Also Harshberger, J. W.: Phytogeographic Survey of 
North America. In Die Vegetation Der Erde XII1:1911. In this con- 
nection, p. 189. 
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B. Zone of Dominance of Oaks, Hickories, Chestnut, Tulip- 

Tree, Htc. 

Indicator Species. 
Red cedar —=(Juniperus virginiana L.). 
Black walnut —=(Juglans nigra L.). 
Butternut —=(Juglans cinerea L.). 

Hickories. 
Bitternut. Swamp-—(Hicoria cordiformis (Wang.) Brit- 

hickory ton). 
Shag-bark. Shell-bark —(Hicoria ovata Mill.). 
King-nut. Big shag- 

bark —=(Hicoria laciniosa (Michx. f.) Sarg.). 
White-heart hickory. 

Mocker-nut 
Small-fruited hickory 
Pignut-hickory 
Sweet birch 

(Hicoria alba (L.) Britton.). 
(Hicoria microcarpa (Nutt.) Britton). 
(Hicoria glabra (Mill.) Britton). 
(Betula lenta L.). 

( TL AI I Chestnut Castanea dentata (Marsh) Borkh.). 

Oaks. 
Red Oak Quercus rubra L.). 

Quercus palustris DuRoi). Swamp or pin oak 
Quercus coccinea Wang.). Searlet oak 

Gray oak Quercus borealis Michx. f.). 
Black oak Quercus velutina Lam.). 
White oak Quercus alba L.). 

Quercus stellata Wang.) . 
Quercus macrocarpa Michx. We 
Quercus bicolor Willd.) . 
Quercus prinus L.). 

Post oak. Iron oak 
Mossy-cup. Burr oak 
Swamp white oak 
Rock chestnut oak 
Chestnut oak or yel- 

low oak 
Hackberry 
Red mulberry 
Cucumber tree. 
Mountain magnolia —(Magnolia acuminata L.). 

Tulip-Tree. Yellow 

Ik WA ALAA ll Ul Il 

(Quercus Muhlenbergii Engelm.). 
(Celtis occidentalis L.). 
(Morus rubra L.). [I Ut Ul 

poplar —=(Liriodendron tulipifera L.). 
Paw paw =(Asimina triloba (L.) Dunal.). 
Sassafras =(NSassafras sassafras (L.) Karst.). 
Wild hydrangea 
American crab- -apple 

(Hydrangea arborescens L.). 

(Malus (Pyrus) coronaria (.) Mill). 
II Ut II Sycamore (Platanus occidentalis L.). 

Red-bud —=(Cercis canadensis L.). 
Kentucky coffee-tree —=(Gymnocladus dioica (L.) Koch.). 
Honey-locust —=(Gleditsia triacanthos L.). 
Prickly-ash =(Xanthoxrylum americanum Mill.) . 
Flowering dogwood ==(Cynorylon (Cornus) floridum (L.) 

Raf.). 
Tupelo —=(Nyssa sylvatica Marsh.) . 
Great laurel =(Rhododendron maximum L.). 
Mountain laurel =(Kalmia latifolia L.). 
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Among small, herbaceous species: 
White dog-tooth violet —=(Hrythronium albidum Nutt.). 
Lizards tail —=(Saururus cernuus L.). 
Lotus (American) or 
Water chinquapin (Nelumbo lutea (Pers.) Willd.). 
Golden-seal —=(Hydrastis canadensis L.). 
Wild sensitive-plant —=(Chamaescrista (Cassia) nictitans (L.) 

Moench.). 
Partridge-pea —=(Chamaecrista (Cassia) fasciculata 

(Mx) Greene). 
Shooting-star =(Dodecathion Meadia L.). 
Virginia-cowslip. Blue- 

bells =(Mertensia virginica (L.) DC.). 

In addition to the above, certain other austral groups e. g. 
Smilax, legumes, composites (southwestern species especially 
in the Erie-Ontario basins), certain grasses, e. g., Paspalums, 
represented rather strongly in this zone disappear, or are 
sparsely represented in Zone C. 

The list could be much enlarged and, of course, more ac- 
curately determined. 
New York Distrisurion: Morainic region of Long 

Island and Staten Island; Hudson Valley region and adja- 
cent highlands (Westchester hills, Highlands of the Hudson, 
Lower Catskills (especially dissected channels, e.g., Kaaters- 
kill clove, becoming “thinned out” by disappearance of 
many species (chestnut stops below Lake Champlain, red oak, 
white oak, shell-bark hickory, red cedar and some others ex: 
tend up the Champlain valley to the St. Lawrence); the 
Delaware, Susquehanna and Alleghany drainage valleys; 
across the Alleghany plateau in Finger Lake valleys; up the 
Mohawk valley (especially south exposures) and notably 
strongly developed in the narrow Erie belt and the broader 
Ontario-Iroquois basin (notable occurrence of chestnut on 
sandy soils) to the Oneida Lake region; northward “ thin- 
ning out” (by disappearance of chestnut, tulip tree, certain 
oaks and hickories and most of the secondary austral woody 
species) toward the St. Lawrence valley. 

Low elevations to more or less 1200 feet southward and in 
territory under maritime and especially lake influence. 
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Growing season 160 to 180 days (Lower Hudson region ; 
Erie and Ontario basins). “ Thinned out” at low elevations 
of 150 days growing season. (Apparent exception — see 
Fig. 2. — in ease of Delaware, Susquehanna and Alleghany 
valleys ¢) 

C. Dominance of Sugar Maple, Becch, Yellow Birch, Hem- 
lock and White Pine Mixed Forest. Alleghany-Transition 
Forest Zone. 

Indicator species. 
White pine —=(Pinus strobus L.). 
Hemlock (Tsuga canadensis (L.) Carr.). 
Hop hornbeam Ostrya virginiana (Mill.) Willd.). 
Blue beech. Water 

I I Al _ 

beech =(Carpinus caroliniana Walt.). 
Yellow birch =(Betula lutea Michx. f.). 
Beech =(Fagus grandifolia Ehrh.). 
Witch hazel =(Hamamelis virginiana L.). 
June berry =(Amelanchier canadensis (L.) Medic.). 
Wild black cherry (Padus (Prunus) virginiana (L.) 

Mill.). 
Acer saccharum Marsh.). 
Acer rubrum lL.) Notably in swamps. 
Acer pennsylvanicum L.). Zone D? 
Acer spicatum Lam.). Zone D? 
Tilia americana L.). 

Fraxinus americana L.). 

Sugar maple 
Red maple 
Striped maple 
Mountain maple 
Basswood 
White ash A a ee aaa 

HE WL TT Al 

Of special note is, one may well say, the maximum oc- 
currence of the forest floor herbaceous growth-forms which 
comprise especially the popularly favorite spring woodland 
flora of the eastern half of the continent generally. Their 
relation to the deep, warm, soil blanket of climax forests 
seems to render them less susceptible to the limiting factor 
of winter cold or other expressions of the temperature factor 
(daily extremes, ete.). Hence one finds such elements ex- 
tending in force even into the more boreal conditions of the 
Adirondacks, though becoming notably supplanted at length 
by more strictly boreal species — see under Zone D. Fam- 
iliar species in this connection are: 

Virginia grape-fern, hay-scented fern, christmas fern, 
evergreen-wood fern, maiden-hair fern, plantain-leaved sedge, 
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jack-in-the-pulpit, wild leek, yellow adder’s tongue, false 
spikenard, bellworts, solomon’s seal, indian cucumber root, 
large-flowered trillium, ill-scented trillium, showy orchis, 
wild ginger, carolina spring-beauty, red baneberry, white 
baneberry, wild columbine, tall anemone, hepatica, tufted 
buttercup, early meadow-rue, blue cohosh, twin leaf, may 
apple, bloodroot, dutechman’s breeches, squirrel corn, pepper 
root, two-leaved toothwort, false mitrewort, bishop’s cap, 
barren strawberry, downy yellow violet, striped violet, long- 
spurred violet, american spikenard, ginseng, ground-nut, 

anise-root (sweet cicely), indian pipe and beech drops. 

DistripuTion 1n New York. 

Tendeney to recurrence upon every favorable edaphic sit- 
uation throughout the State up to more or less 2000 feet 
(Catskills) excepting, in general, the Adirondacks, but dom- 
inant over the Alleghany plateau region and the Catskills 
below the spruce-balsam zone. 

Frostless period in general 130 to 150 days. 
More or less arbitrarily distinguished from the maple, 

beech, birch, hemlock containing (and often dominated) 
Adirondacks and Catskills by absence (generally) of red 
spruce, balsam, white birch ete., on the one hand and 
presence of certain species of Zone B which are lacking in 
the Adirondacks. 

Similar extensions in mountains of New England, the 

Maritime Provinces and especially the St. Lawrence region 
of Quebee and Ontario (but peninsular Ontario is strongly 
hike Zone B) and Michigan and Wisconsin. 

D. Canadian-Transition Zone. 

Dominance of maple, beech, yellow birch, hemlock, white 
pine as in Zone C, but addition and tendency to dominance 
in special situations and, especially at greater elevations, 
of red spruce, balsam, paper birch, mountain ash, ete. Fur- 
ther characterized by absence of oaks (few exceptions), hick- 
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ories, elms, and, naturally, of tulip-poplar, chestnut, ete. (1. 
e., dominant species of Zone B). Further, by the decreasing 
prominence of forest floor herbaceous growth-forms of the 
Appalachian region generally, and substitution of more 
northerly ranging species (see below). 

Dominant tree species: 

ted spruce —(Picea rubens Sargent.). 
Black spruce =(Picea mariana (Mill.) B.S.P.). 
Balsam fir —(Abies balsamea (L.) Mill.) 
Mountain ash —= (Sorbus americana Marsh.). 

Forest floor species of special note: 
The following are not only very generally distributed 

through the Adirondack and higher Catskill forest but each 
may occur in exclusive formation over large stretches: 

Shield fern =(Dryopteris intermedia  (Muhl.) 
Gray.) 
Viburnum alnifolium Marsh). Hobble bush ( 

(Oxalis Acetocella L.). 

( 
( 

True wood-sorrel 

Shining club-moss 
Ground hemlock 

Lycopodium lucidulum Michx.). 

Taxus canadensis Marsh.). HAL AL 

Others less abundant are characteristic of this zone al- 

though occurring in C. 
Red-berried elder = (Sambucus racemosa L.). 
Bush honeysuckle —=(Diervilla Diervilla (l.) MacM.). 
Wild sarsaprilla —=(Aralia nudicaulis L.). 

Fetid currant =(Ribes glandulosum Grauer). Zone 
EK? 

Large-leaved golden-=(NSolidago macrophylla Pursh.). Zone 
rod EK? 

Mountain aster = (Aster acuminatus Michx.). Zone i? 

Finally, species which, while occurring in mixed forest, 
are especially associated with greater dominance of conifers 
and the duff soil beneath them rather than the leaf mold soil 
of maple, beech, birch stands. Cooper! cites most of these 
as characteristic of the Canadian climax forest of Isle Royale 
and of the Northeastern conifer forest in general. In the 
Adirondacks and Catskills these species become more con- 

1Cooper. W. S. The Climax Forest of Isle Royale, Lake Superior 
and its Development. Bot. Gaz., 55:1913, Nos. 1, 2, 3. 
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spicuous — largely by reason of the absence of others above 
cited — wherever the Canadian type of forest is indicated.! 

Bunch berry = (Chamaepericlymenum (Cornus) cana- 
dense (l.) Asch. and Graeb.). 

Yellow Clintonia (Clintonia borealis (Ait.) Raf.). 
Twin flower (Linnaea americana (Forbes). 
Two leaved Solomon’s =(Unifoliwm canadensis (Desf.) Greene). 

seal 
Stiff club-moss — (Lycopodium annotinum L.). 
Gold thread —=(Coptis trifolia (L.) Salisb.). 
One-flowered pyrola =(Moneses uniflora (L.) A. Gray.). 

DistRIBUTION oF D 1n New York. 

In the Catskills from about 2000 feet to 3700 feet (above 
which Canadian Zone forest is indicated by dropping out of 
maples, beech, hemlock and pine) and in the Adirondacks 
generally as climax forest up to 3500 feet more or less. 

Growing season 100 to 130 days more or less. 

E. Canadian Zone. Dominance of Red Spruce, Balsam and 
Paper Burch. 

Indicator species. 
Red spruce 
White spruce 
Black spruce 
Balsam fir 
Paper birch 
Dwarf paper birch 
Mountain ash 
Fetid currant 

(Picea rubens Sargent). 
(Picea canadensis (Mill.) B.S.P.). 
(Picea mariana (Mill.) B.S.P.). 
(Abies balsamea (L.) Mill.). 
(Betula papyrifera Marsh). 
(Betula cordifolia Regel). 
(Sorbus americana Marsh). 
(Ribes glandulosum Grauer). HM dP UE UE Wt 

Twin flower — Linnaea americana Forbes.). 
Creeping-snow berry —(Chiogenes hispidula (L.) T. & G.). 
Bunch berry —=(Chamaepericlymenum canadense (1.) 

Asch. and Graeb.). 

(Coptis trifolia (L.) Salisb.). 
(Clintonia borealis (Ait.) Raf.). 
(Lycopodium annotinum L.). 

Gold thread 
Yellow Clintonia 
Stiff club moss 
Large-leaved golden 

rod 
Mountain aster 

II Ul II 

(Solidago macrophylla Pursh.). 
(Aster acuminatus Michx.). 

Tendency to increase of boreal (or bog) heath 
shrubs. 

1As a matter of fact pure Canadian forest scarcely exists in the 
Catskills although it is strongly indicated, e. g., on Hunter and Twin 
Mountains. 
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Increase in lichens (incident to mountain expo- 
sure /) 

Increase in role of mosses. See Cooper l. c. page 
16. 

DistTRIBUTION OF E1n New York 

Searcely typical on summits of highest Catskills but indi- 
cated by dominance of red spruce and balsam, much some- 
what dwarfed or gnarled topped yellow-birch, and sparse 
paper-birch, and by forest floor species. In the Adiron- 
dacks, the zone of spruce, balsam, paper-birch and mountain 
ash which sueceeds maple, beech, birch, hemlock and white 
pine above 3500 feet more or less, is here referred to the 
Canadian Zone which in its typical composition as described 
by Cooper (1. c. page 16) is the Northeastern conifer forest 
par excellence. For general distribution of the Canadian 
forest type, see Map 3 in Zon’s bulletin on balsam fir already 
referred to.’ 

F. Arctic Flora of Adirondack Peaks. 

Indicator species. 
Fir club-moss = (Lycopodium Selago L.). 
Alpine holy-grass =(Sevastana (Hierochloe) alpina (Sw.) 

Serib.). 
Mountain spear-grass —(Poa lara Huenke). 
Small-flowered wood- —=(Juncoides (Luzula) parviflorum 

rush (Ehrh.) Coville). 
Scirpus-like sedge —(Carer scirpoidea Michx.). 
Highland rush —=(Juncus trifidus L.). 

Bearberry willow =(Saliz Uva-Ursi Pursh.). 
Glandular or scrub 

birch —= (Betula glandulosa Michx.). 
Black crowberry =(Hmpetrum nigrum L.). 
Diapensia —=(Diapensia lapponica L.). 
Lapland rose-bay = (Rhododendron lapponicum (l.) Wahl). 
Moss bush —(Harrimanella (Cassiope) hypnoides 

(L.) Coville). 

Cutler’s alpine golden-—(Solidago Cutleri Fernald). 
rod 

Low rattlesnake-root —(Nabalus (Prenanthes) nanus (Bigel.) 
DE): 

Boot’s rattlesnake-root—=(Nabalus (Prenanthes) Boottii DC.). 

1 Bull. U. S. Dept. Agr., 55:1914. Forest Service Contribution. 



Photo by W. L. Bray: 

Fic. 38. Dwarf balsam and spruce on the summit of Mt. Marcy. In the 
photograph the dwarf, shrub-like conifers are matted in a shallow ravine. 

Photo by W. L. Bray 

Fic. 4. The heath-mat type of vegetation — chiefly Rhododendron Lap- 
ponicum in the foreground — on the summit of Mount Marcy. A matrix of 
fibrous peat interwoven with woody stems and roots of living heath shrubs, 
dwarf conifers, etc. is formed. 
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OccuRRENCE IN New York: On the summit of Mt. Marey 
above 5000 feet; on Mt. McIntyre and to a less marked de- 
gree on Whiteface and others of the high peaks. 
GENERAL Occurrence; On the higher peaks of New 

England where this aretic element is more strongly repre- 
sented ; in the arctic regions of America (Labrador, Alaska) 

of Greenland and of Europe and Asia and high mountains of 
Southeastern Asia; some of them in the Rocky mountains 
south to Colorado and in Arizona. 

It would seem as if, in this ease, we are dealing with a 
plant population that had no relation to the migration from 
the Appalachian highlands and subsequent establishment of 
species in the region round about, but Harshberger * thinks 
that these species may be relicts of a glacial flora which lay 
along the front of the glacial ice and were the first species 
to migrate northward as the ice receded.* Or according to 
Harshberger if any mountain summits remained above the 
ice sheet (as the nunataks of the Greenland glaciers) such a 
flora might have been conserved there throughout the last ice 
invasion. On the other hand Diels * has shown in his study 
of the Diapensiaceae that certain floristic elements have in 
post-glacial (7) times migrated from the mountain region of 
Southeastern Asia to arctic regions and many mountain sum- 
mit of Asia, Europe and North America. Diapensia lap- 
ponica he regards as in this eategory. This and other boreal 
Diapensiacae are certainly more closely related to the Asiatic 
mountain species than to such “ disjunct ” species as galax 
(Galax aphylla L.) in the mountains of North Carolina or 
pyxie moss (Pyxidanthera barbulata Michx.) of the coastal 
plain sands from New Jersey southward. These two species 
and numerous others of this disrelated or disjunct status, 
must be referred to pre-glacial, perhaps even to the Tertiary 
period. As to the Alpine flora of Mt. Marcy and other iso- 

1 Phytogeographic Survey of North America, pp. 189 and 204. 
2See also Adams, l. ¢., p. 309. 
3 Diels, L. Diapensiaceen Studien. Bot. Jahrb. fiir Syst. Pflanzen- 

gesch. u. Ptlanzengeogr. Band 50: Supplement Band (Engler Fest- 
Band) 1914, pp. 304, 330. 
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lated peaks it appears to me scarcely necessary to assume that 
its establishment on these peaks dates back to any such re- 
mote period even as the close of the Glacial epoch, since fac- 
tors at present operative might account for the carrying of 
such species to any habitat suited to them, at least in the 
northern continents.’ 

Extra-Continental Relations of the New York Flora. 

The case just considered of arctic plants on the Adiron- 
dack summits brings to a point the question which has sug- 
gested itself all along through the review of pre-glacial and 
post-glacial development and movements of vegetation, 
namely; has all this history had any relation to the Eur- 
Asian continents whose land masses together with that of 
North America converge about the north polar regions? The 
matter has been discussed from the time of Gray and Hooker, 
notably by Engler, Drude and more recently by Fernald, by 
Chamberlain and Salisbury and by Harshberger.* 

It is not a question to be gone into minutely in this bulle- 
tin, but certainly such a biologic matter has more than a 
passing interest for the thoughtful man. I would put it on 
the basis of an analogy with racial movements in human 
history which are of course of fundamental consequence in 
the study of human progress. Indeed it is certain that the 
study of biologic phenomena of the kind embraced in the 
development and movements of plants and animals gen- 
erally would greatly enlarge the horizon as respects a larger 
view of the history of man. It is precisely because of this 
conviction that I have ventured to put into this bulletin so 
large an element of what may appear to be speculative 
biology. Biologists — scientists generally — have gradually 

1In this connection, see Engler, A. On the behavior of plants of 
the north-temperate zone in their transmission to the high mountains 
of tropical Africa. London. Rep. Brit. Assoc. Adv. Sci. 1904:799_-801. 
Also Engler, A. Polymorphe Pflanzentypen der nérdlich gemissigten 
Zone bis ihrem Uebergang in die Afrikanischen Hochgebirge. Ascher- 
son Festschrift, 1904:552. 

2See Harshberger, Phytogeographic Survey of North America, pp. 
45-92, for specifie citations of literature bearing on this. 
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fallen into the acceptance of such interpretations as a matter 
of course. We may forget that the layman has not had time 
or occasion — perhaps not the opportunity — to follow the 
evidence minutely, and naturally would look skeptically upon 
doctrine presented thus in general and confident conclusions. 
What I am saying at this point has of course no more perti- 
nent application to the question of the above caption than it 
has to the conclusions about the development of plant life 
in remote geologic periods, or to the doctrine as to the rela- 
tion of glacial encroachments to the plant life of that epoch, 
and the ] post-glacial migrations into the glaciated regions. 

As to the immediate question, one naturally thinks of the 
ocean barrier on the one hand and of the barrier of frigid 
climate on the other. But even aside from the rather 
abundant interchange of plants between Europe, Asia and 
America incident to ocean traffic it does not appear that 
oceanic and climatic barriers have been wholly effective 
under present conditions. Certainly the case of Diapensia 
indicates that so far at least as arctic plants are concerned, 
species of a certain aggressive individuality (whatever quali- 
ties that may involve of “ wanderungsfiahigkeit ” (possibly 
the simple matter of vigorous seed of a kind which migrating 
birds might carry) are able to disperse from their distribu- 
tion center (as seems to have been notably the case from the 
mountain lands of south eastern Asia) to the remotest habitat 
—e. g., the summit of Mt. Marcy —in the circumpolar 
regions. Engler* has repeatedly called attention to these 
migrations or dispersals over long distances of intervening 
climatic or oceanic barriers and notably i in the case of species 
distribution as between the high mountains of southern Asia 
and Europe to the summits of high mountains south of the 
equator in Africa (the Kilimanjaro district). 

1 Engler, Adolph. See papers previously cited. Also, Engler, A. 
Uber die Geographische Verbreitung der Rutaceen im Verhiiltniss zu 
ihrer systematischen Gliederung. Abhandl. d. k. preuss. Akad. d. Wiss, 
1896, and similarly the Zygophyllacee (ebenda, 1896). Bray, W. L. 
The geographical distribution of the Frankeniacee considered in con- 
nection with their systematic relationship. Engler’s Bot. Jahrb., 24: 
1898. 
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But what impresses one especially is the fact that for 
temperate and boreal Europe, Asia and North America, the 
plant life appears so generally to have been derived from a 
common source. ‘The floristic stock, so to speak, is largely 
the same. The growth forms (as referred to earlier, p. 23) 
are largely the same and the vegetation aspects likewise. So 
frequently, one finds the same species in all three continents 
(see the notable case of the arctic indicator species of Mt. 
Marey, all of which fall in this category, though there are 
others which have not been found in all three continents) or 
at least closely related species (as our paper birch which 
Fernald * calls a variety of the European white birch). This 
agreement among the species of the three continents was 
naturally emphasized first as to the higher plants — trees, 
flowering plants, angiosperms and gymnosperms, generally — 
as to certain pteridophytes also and these more as the group 
became more generally studied. More recently this identity 
or close similarity of species has also been noted for the lower 
groups and more and more as each group (for example of 
fungi) is closely revised by special students of them, the 
conviction comes that the relationship is very thorough-going 
indeed; that not merely species, but especially the composi- 
tion and aspect of vegetation types (plant societies) points, 
as one may say, to a common developmental experience. Thus 
one notes the agreement as between swamp plant societies, 
bog societies, the vegetation of sand plains in Europe and 
America (where these cases have been especially studied) 
and a fundamental similarity as between the diverse mem- 
bers of the high forest or climax forest of the three con- 
tinents in similar zones, from dominant trees down to forest 

floor herbs, mosses, liverworts, lichens and fungi. Close com- 
parison studies of these matters would seem to be the next 
inviting field made possible especially by the rapid progress 
in monographing the various taxonomic groups. 

The era of development to which we must look as offering 
an explanation of these fundamental agreements between 

1 Fernald, M. L. The relationships of some American and Old-World 
birches. Amer. Jour. Sci., 14:1902, pp. 167-194. 
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the three northern continents would seem to le in the Terti- 
ary period. Speaking broadly, then was a time when the 
factors which stimulate plant response appear to have 
reached a degree of intensity, or of effective working together, 
sufficient to call forth what seems from the remote time of 
the present a marvelous bursting forth of plant energy, espe- 
cially in number of new species and diversity of growth 
forms. Among these factors must be reckoned favorable, 
diversified climate, the presence of new and favorable terrain 
and the combination of effective means of reproduction as 
represented in the, then, new type of plant —the angio- 
sperm — and particularly the floral structures of this group. 
It is certain that in the Miocene, for example, the climate 
was mild as far north as present arctic regions and that a 
heavy forest including many of our familiar genera — even 
apparently the same species in many cases — extended into 
the far north. Indeed, with forests on Greenland, Grinnell 
Land and Northern Alaska and with correspondingly mild 
climate in Europe and Asia this forest could extend, and evi- 
dently did extend, on into Europe and Asia.* Then could take 
place the free intermingling or migration of species between 
these continents which the present status of vegetation pre- 
supposes. Perhaps this close floristic relation is shown even 
more vividly than the present status shows it by certain 
species “* Miocene relicts ” in America but represented from 
Europe-Asia only by fossil forms (the species having mean- 
time become extinct there). Thus Taxodium distichum, at 

present in swamps of our southern states, was found fossil 
by Heer from Greenland to the McKenzie River and in 
Alaska and on the Island of Sachalin north of Japan.’ 
Numerous other species including one of Sequota (of which 
we have living Seguova gigantea (big trees) and S. semper- 
virens (red-wood). In the genera of this category were also 
Tiriodendron, Magnolia, Liquidambar, Sassafras and Nyssa. 
That is, all these now are represented by one or more species 

1Chamhbertin and Salisbury, loc. cit.. III, page 281. 
2 Harshberger, loc. cit., p. 174. Citations of papers by Heer, Engler, 

Gray and others will be found here and especially under the full bibliog- 
raphy, pp. 45-92. 
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in the United States. The fossil forms are found in arctic 
lands of North America and Eur-Asia. 

It is of importance to observe that the floras of the eastern 
and western continents of the northern hemisphere have been 
growing less similar as one would predict as a result of isola- 
tion. This isolation grows out of the forced migration south- 
ward by polar cooling, and was of course exaggerated by the 
glacial period. Indeed, one reason ascribed for the disap- 
pearance from Europe of certain species, some of which were 
near or identical with American species, is the fact that in 
the southerly migration the Mediterrean Sea offered a barrier 
which species could not cross and so escape extermination by 
the glacial ice. 

As to the Sources of New York Flora in General. 

The impression will have been gained that when the glaci- 
ated terrain of New York and of the northeastern part of the 
continent generally was open to the return of vegetation the 
source of vegetation forming flora was the Appalachian 
region lying to the south of the terminal moraine (the 
southern margin of the ice sheet). It should also be under- 
stood, however, that species migration is taking place con- 
stantly and toward whatever terrain is open to them, environ- 
mentally speaking. Thus we have seen evidence that some 
species have come in from other continents in post glacial 
times and, admitting the category of migrations or dispersal 
by human agency, a very extensive addition has been made 
to our flora (e. g. 613 species in the vicinity of New York’). 
So more locally have there been migrations into the State 
from adjacent territory. Thus certain species of the middle 
western prairie flora appear to reach the Erie-Ontario basin 
regions. In this connection it is suggestive to recall that 
according to Hornaday ° the American bison is known to have 
entered New York along the valleys leading up from the 
southwest. Local historians believe also that the buffalo 
existed in Erie county. 

Je Taylor, Norman, Flora of the Vicinity of New York, p. 651. 

2 Hornaday, W. T. Extermination of the Buffalo, Smithsonian Report 
1887. 



86 College of Forestry 

DEVELOPMENT OF VEGETATION AS INFLU- 

ENCED BY THE SUBSTRATUM AND THE RE- 

SULTING INFLUENCE UPON THE  SUB- 

STRATUM! 

If the preceding account of the climatic relations of our 
vegetation resulted in giving a view of the movements and 
adjustments of vegetation in the large, it will seem dis- 
couragingly inadequate to account for the aspects of vege 
tation of any particular locality. No doubt in view of your 
common observations you will think of the zonal segregra- 
tion of our flora as a sort of theoretical construction. I can 
imagine the demonstrator pointing out the general domi- 
nance of sweet gum, oaks, hickories, tulip-tree and chestnut 
(af it had not been exterminated by chestnut blight) in 
the Bronx, and suddenly coming upon a hemlock grove, or 
a stony place with sweet fern and bayberry or a shallow 
pond of Peltandra. Also within excursion distance, cat- 
tail marsh, or a bog with Sphagnum, Chamaedaphne and 
southern white cedar (Chamaecyparis) or a hillside with 
mountain laurel. You get the conviction that vegetation is 
all jumbled together more or less haphazard. I am frank 
to say that, all along, as we tried to follow a consistent cli- 
matic segregation of species, we met, as in fact we do meet in 
the field at large, many instances where local conditions 
of soil or water table operate to nullify the effect of climatic 
factors. You can’t account for the status of our vegetation 
on either climatic or edaphie (the substratum in general) 
grounds alone. Nor will observations merely of the opera- 
tion of these factors suffice. On the basis of general knowl- 
edge and observation it may suffice to say that sweet gum 
and willow oak and persimmon and mistletoe do not 

1 The reader who may desire to go more fully into the literature of 
this subject of the development and structure of vegetation should con- 
sult the works of Clements, Cowles and their associate investigators and 
numerous others. See for example, Clements, F. E. The development 
and structure of vegetation. Rep. Bot. Surv. Nebraska, vii:1904; 
Cowles, H. C. The physiographic ecology of Chicago and vicinity. 
Pe ae 31:1901, and The Causes of Vegetative Cycles. Bot. Gaz., 
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migrate farther up State because the climate becomes too 
severe once you are out of range of modifying ocean influ- 
ence. Nevertheless, some horticulturist may take these 
very species and grow them, say, at Rochester. Practical 
experience (experimentation re eally) is showing repeatedly 
how elastic the temperature boundaries are if only the 
species has the most favorable conditions for nutrition and 
growth so far as the soil is concerned. In this connection 
the northern extension of that large lst of forest floor 
species to which attention was called on page 73 whose 
perennial parts lie buried over winter in the blanket-lke 
cover of leaf mold under the leaf mulch of the last leaf 
fall, may be suggestive. Cultivation results appear to 
show that, in nature, species often are kept at a point 
notably below their possible efficiency in growth, fecundity 
and ground gaining ability, i. e. capacity to occupy a wider 
range, by a combination of factors which, whatever they may 
be, are not referable to climatic temperatures. Of course, 
under cultivation, selection begins to play a réle in elimina- 
ting mediocrity. 

In this discussion, however, the relation of vegetation to 
chmatic and soil factors has been considered separately 
because it seemed that the main idea of showing the 
developmental history of vegetation could best be brought 
out in that way. So let us take it that we have followed 
the migration of a flora into a new region and the segre- 
gation of floristic elements into certain climatic relations 
of fixed character, and now we are ready to go into the more 
local matters of segregation of species and growth forms 
into associations or societies as determined chiefly by the 
nature of the substratum in and upon which they grow. 
Most important of all we wish to show the effects upon the 
substratum of this work of a vegetation cover and how 
thereby the different associations are brought into a develop- 
mental relation to one another so that the history reads as a 
sequence of development leading up to a highly organized, 
permanent or equilibrium stage of vegetation — the climax 
forest. 
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Let us review once more the situation that confronted as 
indeed it still confronts vegetation. You recall that as*to 
New York we are dealing with a glaciated terrain. This 
glaciation effect is expressed in areas of bare, polished rock 
on the one hand and basins occupied by lakes on the 
other; in deposits of coarse boulders — particularly glacial 
moraines — in some quarters and in delta sand plains in 
others; in former valleys and streamways blocked by glacial 
filling; in accumulation of glacial till laid down upon hills 
and valleys; in sand beds of weathered rock covering the 
granite base over much of the Adirondacks; in mounds and 
ridges of till—the drumlins, kames, ete.; in well drained 
deposits of fairly constant moisture content, or too well 
drained and therefore periodically deficient in moisture 
(sand, and gravel beds) or in lowlands habitually flooded 
or with the water table at or near the surface. 

Of course factors of weathering, erosion and deposition are 
at work on this terrain tending in the long run to level 
down and even up but, meanwhile, vegetation is at work, 
and we not only can see at present how it works and what 
results it produces but by reviewing the brief period of 
human history we can gain an idea as to how far vegeta- 
tion had gone in its general development over the State 
and the total results accomplished in modifying the char- 
acter of its surface. Thus we recall that New York was 
found to be a great forest region; that a vast blanket of 
humus material had been spread over the land, hilltop as 
well as valley; that upon bare rock, great boulders (See 
Fig. 22) as well as broad rock surfaces, a matrix of organi- 

eally rich soil had been built up so that forest trees grew 
upon it; that kettle holes had been filled with vegetation 
remains — peat — until, rising above water level, a swamp 
forest occupied the place of a former lake or pond; that 
lake basins and blocked streamways have been similarly 
filled so that forest trees now stand upon peat beds thirty 
feet or more in depth. It is asserted * that even the climax 

1 Harshberger, loc. cit., p. 41. 
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or high forest stage has been reached in such situations as also 
it had on areas covered by great boulders or on areas of 
formerly bare rock. Now forest trees do not grow on bare 
rock or great boulders, nor do they spring up from the bottom 
of a lake (quite manifestly!) so that the conclusion is drawn 
that the effect of vegetation, augmented more or less etfec- 
tively by weathering, transport of sediment by wind and 
water and its deposition, is to build up the substratum, 
beginning at either extreme, 7. e., bare rock or lake bottom, 
to one common condition, a condition of soil structure and 
energy, of drainage and aeration, of sanitation and vigor- 
ously active soil organisms which supports a relatively per- 
manent or climax stage of vegetation. As a corallary to 
this, one would say that the vegetation history from either 
extreme to this climax point had been one of vegetation 
successions. For example, in the lake-bottom case, the suc- 
cessive vegetation stages might include (1) floating plants 
(microscopic forms, larger algae, duckweeds, ete.); (2) 
wholly submerged vegetation (pond weeds ete.); (3) 
floating-leaved plants (water lilies ete.) ; (4) marsh plants 
(sedges, bulrushes, cat-tail ete.); (5) marsh meadow 
(grasses and sedges, many annuals ete.) ; (6) marsh shrub 
or swamp shrub (willows, alders ete.); (7) swamp forest 
(red maple, black ash, elm, ete.) ; and finally (8) climax 
forest (maple, beech, birch, hemlock and white pine). 

It seems that the sequence of development hinges on the 
evolution of the substratum as one may say. In the build- 
ing up of this, whether from lake bottom or from bare ae? 
its character, viewed as plant habitat, changes constantly 7. e.. 
successively, so that each stage of vegetation — each eat 
association — as it contributes to this up-building and conse- 
quent modification destroys, if one may be permitted this 
manner of expression, its own chance of permanency and its 
place is invaded by plants of a different soil requirement ; and 
so the succession goes on until the soil condition becomes 
stable. What these modifications of the soil are that entail 
a succession of differently constituted plant associations I 
could not undertake to point out, but, certainly, one factor or 
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condition furnishes a pretty good criterion for measuring the 
general trend and the successive stages of vegetation. This 
factor is the quantity and condition of the water of (and in 
water habitats over) the substratum. On this basis, which 
is of course a standard and well known basis of classi- 
fication of vegetation in ecological botany, * the glaciated ter- 
rain would present various degrees of the moisture supply as 
it would affect plant growth, from habitually dry or arid 
habitats (bare rock, loose sand, fallen logs) to water-covered 
or water-soaked soils (excess of water) on the other extreme. 
Between these, soils of such structure and drainage conditions 
as to facilitate the holding of moisture in film form about 
soil particles as in well-tilled field soils. In spite of the 
diverse conditions of the substratum and the forbidding 
aspect of some of it, it would seem as if there were no 
feature of it from which plants, at least of some sort, were 
wholly excluded. Dryness, submergence, heat and_ cold, 
even wind and water erosion are not absolute barriers in 
this State. For green plants the one absolute limiting 
factor would be light and this would apply practically only 
in limiting the depth to which green plants would invade 
lake bottoms. We are especially concerned with the de- 
velopment of vegetation from the two extreme conditions of 
the moisture relation: Namely (1) Upon a substratum 
under water or with excess of water. (2) Upon a sub- 
stratum normally deficient in moisture. 

The Developmental Sequence of Vegetation upon a Sub- 

stratum Having Excess of Water. 

1. Floating Vegetation of the Open Water. 
The history begins here with aspects of plant life which 

are not at all associated with the lake bottom or else merely 
lie upon it. They are not large plants anchored to the soil 
by roots. They embrace — 

(1) Pranxron.— The free-floating, microscopic life of 
lakes and ponds is to be considered in this connection as 

See under “ Ecology” in elementary textbooks on botany. Also 2 3 2 De : : jae ’ 
Warming, (English translation) Ecological Plant Geography. 



Photo by W. L. Bray. 

Fic. 7. Reproduction of mountain paper birch (Betula cordifolia Regel) 
red spruce and balsam on a burn on Dibble mountain in the Catskills at 3,600 
feet elevation. 

Photo by W. L. Bray. 

Fie. 8. A pure stand of Hguwisetum fluviatile occupying shallow water ad- 
jacent to cat-tail marsh, marsh-meadow and swamp forest at Tully Lake. 
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having a significance comparable to that of wind-carried 
dust particles so far as total volume and lake filling effects 
are concerned. The volume of organic debris (peat) which 
is formed by the dead bodies of such organisms will be 
appreciated by anyone who has observed the co-called 
“blossoming” or “fermenting” of a lake such as Tully 
and Oneida. At certain periods, especially midsummer in 
this particular case, the water becomes clouded, light pene- 
tration is materially hindered and a thick seum hes on the 
water in quiet bays or is cast upon the shore gravel, ete. 
Of course these organisms are by no means all plants. In 
Tully lake zodplankton constitutes at times the bulk 
of floating or suspended organisms. Usually however colo- 
nies of a blue green alga (Mertsmopedia) are the most 
abundant and continue to cloud the water the longest. On 
one occasion in November I took samples of water to a 
depth of six inches over a five mile course on Oneida Lake 
and found spherical colonies of a blue-green alga, Rivularia, 
evenly distributed through the water to an undetermined 
depth in numbers averaging roughly estimated, six colonies 
per cubic centimeter of water (no doubt too low an esti- 
mate.) I judged that the conditions found over this five- 
mile course taken at random was prevalent throughout the 
entire area of this largest of New York lakes. If so, it 

meant a mass of organic material that should have a notable 
effect upon the biological and sanitary conditions of the 
water and upon the accumulation of organic ooze upon the 
bottom. 

Davis’ writing as to floating alge as sources of peat says: 
“They sometimes occur in such numbers especially in 
northern and mountain lakes as to give a distinct green 
color to the water and by their death and partial decay to 
form very considerable deposits of soft structureless peat; 
they may also constitute an important part of peat formed 
in lakes and ponds where remains of larger and more com- 

1 Bastin, E. S., and Davis, C. A. Peat Deposits of Maine. U. S. 
Geog. Surv. Bull., 376: p. 11. 
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plex seed plants are also abundant and mask the algal mater- 
ial by their coarser structures.” 

Mud lake north of Bangor is cited as a specific case. 
This lake was visited at a time when ‘“ its waters were teem- 
ing with some species of minwte green floating plant organ- 
isms too small to be easily distinguished by the naked eye 
but readily made out with a hand lens and giving the water 
if seen in the proper ight a distinct greenish tint” ‘“ In the 
bottom of this lake and below the turf about its borders was 
a considerable depth of yellowish, fine grained, structureless 
peat, which on examination proved to be made up of the 

remains of similar minute alge.” ‘In northern Michigan 
there are several lakes that are nearly filled by the remains 
of such minute plants. In these lakes are forming beds of 
soft, light-colored peat, which differs so much from ordinary 
peat as to be easily distinguished by its fineness of grain 
and peculiar soft, cheesy consistency.” 

Instructive data in this connection are found in the work 
of Birge and Juday* upon the plankton of the Finger 
Lakes of New York. Thus the average number of diatoms 
per cubic meter of water in the first fifty feet in depth of 
Cayuga Lake was on August 12, 1910, about six million. 
In Conesus Lake, on August 25, 1910, the blue-green algz 
averaged about one-half million per cubic meter in the first 
thirty feet of water depth. 

(2) Normally Not Free-Floating Algal Vegetation. 
This purely arbitrary classification of vegetation elements 

aims to single out a relatively bulky amount of algal growth 
of fresh water lakes and ponds which, while not anchored 
to the lake bottom by root-like organs, normally les upon 
the lake bottom or is attached or adheres to submerged ob- 
jects — stems, and leaves of vascular water plants, trunks 
and branches of trees which have fallen in the water, ete. 
It may subsequently be broken loose by wave action or be 
buoyed to the surface by gas caught in the filamentous mass. 

1Birge, E. A., and Juday, C. A Limnological Study of The Fing- 
er Lakes of New York. Bull. U. S. Bur. Fisheries, vol. 32:1912. Doe. 
791, 1914. 
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A few illustrations will suffice to define the status of this 
algal growth as related to lake filling. 

(a) At a depth of twenty-two feet in Tully Lake I have 
found heavy masses of the alga popularly called water silk 
(a species of Spirogyra, probably S. crassa). This rested 
lightly upon the ooze of the lake bottom. 

(b) At other points in this same lake, the bottom am to 
at least as great a depth as in (a) is covered by a slimy 
felt of blue-green alga (Spirulina) patches of which become 
detached by the buoyancy of gas and appear at the surface 
as the familiar (locally at least) floating “ voleanoes ” seen 
in late summer. 

(c) In shallow bays protected from strong wave action, 
filamentous green algae, notably a species of Mougeotia, 
develop so earn as to form a dense tangle among the 
anchored vascular plants. The shallow water becomes liter- 
ally blocked by this growth. During windy weather masses 
become detached and carried into deeper water as peculiar 
cloud-like objects of curiosity or are piled up along the 
shore. 

(d) Gelatinous bead-like colonies of blue-green alge 
(Rivularia) develop in great masses on the bottom of 
Oneida Lake, and in late summer are washed upon the 
beach in quantities sufficient to resemble deposits of smooth 
pebbles. Algae of this sort and other of the blue-greens de- 
velop habitually a thick beady or slimy coating on all sub- 
merged objects —notably old or dead stems of lake rush 
and Hqutsetum — which adds materially to the volume of 
debris finally laid down upon the lake bottom. 

(e) Especially noteworthy are the blue-green algze which 
in some New York lakes— notably the so-called green lakes 
of the Jamesville and Kirkville districts —are associated 
with the deposition of lime upon submerged branches of 
trees, ete. and apparently also upon lake margins. These 
masses of lime become remarkably thick — like a fall of 
soft wet snow upon twigs — and if the shore ledges are thus 
built up as seems likely, then the role of these organisms in 
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Fig. 9. Diagram illustrating stages in the origin of peat and marl deposits in 
lakes. The several plant associations of the Bog series, displacing one another, 
belong to the following major groups:— (1) O. W.— open water succession; 
(2) M.— marginal succession; (3) S.— shore succession; (4) B.— bog succession, 
comprising the bog meadow (B. m), bog shrub (B. s) and bog forest (B. f.); 
and (5) M. F.— mesophytic forest succession. 
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rock formation is most significant. Walcott’ and others 

ascribe to such organisms the role of forming massive lime- 

stone deposits. 

(3) Floating Plants of Groups Higher than Algae. 
In our latitude this group comprises especially the duck- 

weed family among angiosperms, Salviniaceae of the pterid- 
ophytes and certain Ricciaceae of the /Lepaticae or liverwort 
group. Duckweed should be especially familiar because of 
its abundance in small ponds or quiet shore waters where it 
forms a close cover over the water and materially affects 
the penetration of light below the water surface. The more 
bulky vegetation such as is formed by the water hyacinth in 
southern streams will be recalled in this connection. 

2. Submerged Aquaties. 

The developmental sequence of static vegetation, 1. e. 
plants anchored to the substratum by roots (rhizoids in the 
case of stoneworts), really begins with this stage in which 
the whole plant is under water of varying depth and with 
roots (or rhizoids) and often root stocks imbedded in the 
accumulating, loose, oozy, organic soil of the lake or stream 
or tide flat bottom. Its dynamic significance hes partly 
of course in the bulkiness of the vegetation, familiar as 
heavy banks of pondweed (Potamogetons) or of beds of 
“ditch grass” (Hlodea canadensis) of shallow lake waters, 
but especially in binding the loose bottom sediment into a 
firmer matrix. The occupation of lake bottom soil is faeil- 
itated by the perennial habits of the imbedded parts and the 

1 Waleott, C. D. Pre-Cambrian Algonkian Algal Flora. Smithsonian 
Miscel. Coll., 64:No. 2, 1914. In this paper, p. 87, notes taken by 
Dr. C. A. Davis on the calcareous deposits in Green and Round Lakes 
near Kirkville, Onondaga county are quoted. From these, the follow- 
ing: “In Green Lake, considerable spaces along the shore have de- 
posits of tufa which extend out into the lake from the shore for as 
much as twenty feet or more in places, forming perpendicular or over- 
hanging sub-aquatie cliffs or terraces.” Again, “In two places, logs 
of white cedar (Thuja) were noted which were completed imbedded in 
the solid faces of the cliff and projecting from them.” 

See also Dr. John M. Clarke’s paper on “ Water Biscuit ” (notably 
from Canandaigua Lake). Bull. N. Y. State Mus., No. 39, vol. 8, 1900. 
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great activity in vegetative propagation which is associated 
with the capacity of such vegetation to form the heavy banks 
or beds above referred to. Thus a large proportion of the 
shallow bottom of Oneida lake — for example the whole 
area of Big Bay — is occupied by Potamogetons. The most 
noteworthy case which has come under my observation is 
that of the invasion of Tully lake and the adjacent Crooked 
Lake bottoms by Hlodea. Beginning with an insignificant 
occurrence, within a period of some six years this plant has 
come to occupy most of the lake bottom (except in certain 
shallows) to the depth of twelve and even fifteen feet. The 
luxuriant growth and branching build up beds eight to ten 
feet thick which where they reach the surface of the water 
materially impede the movement of rowboats. In this case 
Potamogetons are largely excluded from situations formerly 
occupied by them exclusively. 

The amount of lake bottom covered by this type of vegeta- 
tion is affected by several factors — the physical character 
of the bottom to begin with — but in general by the depth 
and transparency of the water. In the case of Big Bay in 
Oneida Lake a uniformly shallow bottom is wholly occupied 
by it. In Tully Lakes where there is a series of shallows 
and deep basins, Potamogetons, formerly the dominant 
growth, occur in banks occupying the sloping margins of 
the basins from a few feet to twelve or more feet in depth. 
In these lakes there are also lake bottom flats similarly 
covered but now yielding to Hlodea. In Conesus lake —e. ¢., 
off Old Orchard point —where the bottom falls away to 
considerable depth, Potamogetons and other aquatics form 
a zone from the depth of eight or ten feet to a maximum 
of sixteen or eighteen feet. The so-called ‘ island,” a sub- 
merged flat under twelve or more feet of water is occupied 
by Potamogetons. This represents perhaps the general status 
in waters of average clearness. In the Adirondacks however, 
especially in the smaller and shallower lakes, the dark color 
of the water due to humus leachings from the adjacent forest 
soils appears to operate in excluding light — possibly chem- 
ically also ?’— and thus in limiting this type of vegetation. 
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I have not extensive data on this point but im general I 
should say that in the Adirondacks submerged vegetation is 
generally sparse and especially limited to slight depths. In 
the larger lakes of this region the rocky shores and especially 
violent wave action operate to exclude almost wholly, 
anchored water vegetation. 

As to building up the substratum, the yearly addition of 
the season’s growth — for in my observation the heavy banks 
of pond weed die down to the imbedded parts or approx- 
imately so— results in a material addition to the organic 
sediment of the bottom although it should be noted that 
plants of this sort of habitat have only a minimum of firm 
tissues. The dead material is readily disintegrated and more 
or less thoroughly decomposed, resulting not in coarser or 
fibrous peat as that is popularly understood but in an oozy 
mass which gradually becomes compacted into the fine, black 
mud characteristic of those lake bottoms where the water is 
kept fresh and clear and well aerated. 

Submerged Aquatics and Marl Formation. 

Attention was called, p. 96, to the role of certain blue 
green algae in the deposition of calcium carbonate forma- 
tions. The formation of the numerous and rather extensive 
marl beds in lake bottoms and in swamp soils built up under 
water — Cicero Swamp, Montezuma Marsh, Tully Lakes, 
etc. — is ascribed now largely to water vegetation, in part to 
the blue-green algae as stated and particularly to Chara and 
in lesser degree to Potamogetons, ete. Discussion as to this 
matter will be found in Warming’s Ecolgy* pages 64 and 
65 and by Davis.” 

That material deposits of carbonate of lime are annually 
made by Chara and even Potamogetons is clearly shown in 
the case of Tully Lake. In one instance notably, heavy beds 
of Potamogeton were found in September to be so deeply 
lime incrusted as to be very brittle and fragile and the whole 

1 Warming (English translation), Ecological Plant Geography. 
2Davis, Chas. A. A contribution to the Natural History of Marl. 

Jour. Geo., 8:1900, pp. 485-497. 
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bed was settling to the bottom as if prematurely weighted 
down by the hme. 

But one or more species of Chara (stonewort) show par- 
ticularly well the réle of rapid additions to the marl sub- 
stratum. The Chara beds in question are in from one to 
four feet of water. The plants form a close mat looking not 
unlike a well kept turf. Lime accumulates upon them in 
such quantity that by midsummer the beds become gray and 
the whole mat being now brittle and heavily weighted breaks 
down as did the Potamogetons above mentioned. 

3. Aquatic Vegetation With Floating or Exposed Leaves or 
Emerged Stems. 

Certain species of submerged plants of group 2 grow 
habitually in shallow water and, among these, some which as 
the water level falls or the plant elongates have exposed 
leaves. Thus in Potamogeton natans when floating leaves 
are developed (and in water only a foot or two in depth the 
leaves are nearly all floating) they are different in shape and 
structure from the submerged ones; indeed their greater 
spread must retard the further development of submerged 
leaves by shading. The fullest expression of this idea of the 
floating leaf and with it the harmony between plant form and 
shallow water habitat is found in the water lily type. Recall 
in this connection the maximum expression of this in the 
remarkable Victoria regia of the Amazon. It is not the aim 
here to try to show how this representative type of shallow 
water vegetation is qualified to replace the submerged types, 
although the inference as to the broad floating leaves and 
shutting off of light from the water beneath insinuates itself, 
but certainly in shallow water whether on mineral bottom or 
sedimentary deposits or on a substratum built up by aquatic 
vegetation and mineral debris, a ‘‘ water lily zone” is ex- 

pected in our lakes and ponds except of course where the 
force of wind and waves would prevent. We regard it here 
as the natural successor to the submerged zone. Other 
erowth forms appear in this shallow water zone also. Arrow 
arum (Peltandra virginica L.) is one. Its large leaves are 
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supported quite above the water surface and ap- 
parently to be correlated with the greater weight and 
stress incident to the lack of buoyant effect and protection 
of water and to the exposure to atmospheric stresses, is the 
clump or tussock forming tendency of such a type. These 
qualities are particularly applicable however to the sueceed- 
ing type of marsh vegetation. So with certain other growth 
forms, notably lake rush (Scirpus validus Vahl.), pipes 
(Hquisetum fluviatile L.), ete., and even cat-tail (Typha 
species) which commonly or frequently appear in shallow 
waters even to the depth of two or three (in case of. lake 
rush up to five) feet. 

In the smaller Adirondack lakes, shallow water vegetation 
is fairly abundant, but in this case again, the suspended mat- 
ter and especially the humus leachings operate to reduce the 
intensity of light by giving the dark color to the water, hence 
the type is hmited to yet more shallow water than in the 
clear lakes — e. g. Long Lake, Big Shallow and Little Shal- 
low Ponds, Hoel Pond, ete. My impression is that such 
vegetation is also sparser even in the most favorable sub- 
stratum conditions and that in the case of water lilies the 
habit reflects the deficiency of hght beneath the water sur- 
face. These matters, however, need more extended study 
in that region. 

In general, the total acreage of this shallow water vegeta- 
tion is small and limited to relatively small areas. In ponds 
and lakes with steep, sloping margins the zone is necessarily 
narrow and very often eliminated from much of the lake 
margin by violent wave action, sandy bottom, ete. Often it 
occurs upon a submerged delta of sediment brought in by 
tributary streams and the two agencies of filling — stream 
sediment and vegetation remains — hasten the stage on to 
the marsh condition. | Sometimes whole ponds, being 
uniformly shallow, are in the ‘‘ water lily” stage of vegeta- 
tion as in Big Shallow and Little Shallow Ponds in Herkimer 
county. Or an entire arm or bay of the lake will be occupied 
by shallow water plants as in Long Lake, Tully Lake and so 
on. Marsh vegetation by reason of the mat and tussock 
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forming aptitudes of some of its growth forms and their tol- 
erance of partial submergence (lake rush sometimes stands 
in a five-foot depth of water) rapidly encroaches on the 
shallow water associations. One may often find water lilies, 
Potamogetons and the like persisting in small open-water 
patches in a marsh. 

Marsh Vegetation. 

A new vegetation type appears when the substratum lies 
at approximately mean water level so that with seasonal 
fluctuations it may lie exposed at low water and submerged at 
high water stages. This is the case especially when the 
substratum has been built up under water either by vegeta- 
tion chiefly or by stream sediment and vegetation. W There 
the normal land contour lies so that the soil is habitually 
water soaked and periodically submerged, swamp forest has 
developed in our area, but even here there is reason to think 
that marsh and marsh-meadow stages preceded it (See below 
under swamp forest). 

In this marsh type the new condition of environment lies 
essentially in the absence of the protective and buoyant effect 
of water to sustain weak, soft-tissued spindling shoots or 
leafstalks of floating leaves. The plant is anchored in the 
substratum by freely branching roots and generally by an 
extensive dey elopment of rhizomes (root stock s) but the 
vertically growing parts (long leaves of cat-tail and the tall 
leaf and flower bearing stem of this; the wand-like stems of 
lake rush, the expansive leaves of royal and cinnamon fern) 
rise clear of any water protection or support. This means 
that such a plant must meet the stress of weather, winds, rain 
storms, ete., or in high water stages, of violent current 
or wave action (notably in Montezuma Marshes) and there- 
fore a corresponding degree of firmness is required in stem 
and leaf which is pretty generally supplemented by a type of 
erowth form such as those of cat-tail, lake rush, and sedges 
and grasses generally, capable of distributing the stress 
among a multitude of flexible leaves or wand-like stems. A 
certain firmness of substratum is required in this case. If 



Photo by W. L. Bray. 

Fie. 10. Cat-tail marsh stage of vegetation occupying and hastening the 
filling of a tract of lowland — probably a former bay —on the south shore 
of Lake Ontario at Charlotte. The sand barrier which cuts it off from the 
lake is occupied by summer cottages. The foreground shows marsh-meadow. 

Photo by W. L. Bray. 

Fig. 11. Nearer view of marsh shown in fig. 10. The cottages and shade 
trees stand on the sand barrier which cuts off the marsh from Lake Ontario. 
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a stiff clay, or clay and gravel forms this substratum as may 
happen where the normal contour permitted a high ground- 
water level, then such firmness is assured, but if and this 

is particularly the case we are supposing — the substratum 
is a built-up bed of soft muck then it is soft and miry, even 
loose ooze, under shallow water. In this case it is especially 
necessary for the plant to construct a firm base. Or to put 
the matter differently, the plant society is limited to growth 
forms which, in the first place, can tolerate a submerged or 
water-soaked soil of organic stuff, and in the second place, 
possess a habit of growth calculated to construct a firm mat 
or tussock. If you happen to have tried to cut a block of 
eat-tail mat from the marsh or to cut through a sedge tussock 
or pull up or dig out a tussock of royal fern, you have gained 
a fine appreciation of the effectiveness with which marsh 
plants firm the soil. You have found a firm, tough, fibrous 
mass made up of innumerable root fibres, rhizomes, and the 
bases of living and dead shoots. See Fig. 6. 

Cat-tail Marshes. 
In New York extensive cat-tail marshes are very obviously 

associated with the early stages of land emergence and upon 
close examination of the substratum they are just as 
obviously the agency in consummating this. Striking illus- 
trations of this are furnished by the marshes of the Long 
Island coast and of the lower Hudson where low flats have 
been built up above or barred against tidal flooding. The 
Hackensack Meadows on the New Jersey side are perhaps 
the most widely known instance. Again, the shores of Lake 
Ontario — see topographic sheets of Pulaski, Rochester and 
Ontario Beach quadrangles respectively — offer even clearer 
if more limited areas of this young land building under cat- 
tail mats. The cases are those where a small bay — in the 
ease of Irondequoit Bay much larger and less advanced in 
filling —has been cut off from the lake by a beach-sand 
barrier leaving a narrow opening for the discharge of flood 
waters of the stream whose valley, opening upon the lake, 
determined the extent of the bay so eut off by the barrier. 
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See Hig. 10. I have not determined by borings the depth of 
filling by cat-tail vegetation, but the muck in certain places 
traversed was several feet thick and, in cases, the filling had 
passed beyond the reed marsh to the meadow marsh and even 
the swamp shrub stage. See Fig 11. 

Montezuma Marsh is of course the great show feature of 
New York in this connection. Here the young emerging 
land consists of peat and muck and marl beds built up by 
hydrophytic vegetation, latterly largely by eat-tail, upon a 
deep, glacial fill of sand and gravel laid down across the 
north end of the Cayuga Lake basin. Barge canal excava- 
tions and borings showed in a record of nine miles of marsh, 
four or five feet of muck, thin strips of marl, blue clay, then 
sand down to one hundred or even two hundred feet. 

The efficiency of cat-tail as a growth form for this sort 
of environment is particularly obvious in these marshes. Its 
rapid and extended development of rhizomes gives it the 
capacity to cover ground rapidly and to the exclusion of other 
forms—in its earlier development — and meantime, to 
weave as one may say, a firm mat which resists wave action 
which here is right severe in high water stages because of the 
high winds which have clear sweep across the marsh. Fig. 
12 shows a view of a bit of the marsh taken during an 
early and unusually dry spring at a low-water stage. The 
curious ridge and furrow effect appears to be correlated with 
wave action. Note here that royal fern is associated with 
eat-tail in forming these ridges — literally rows of small 
tussocks. Now the bulk of vegetation in such a case is right 
large, and of course all the aerial parts, together with wind- 
swept or flood-carried or other debris caught in the mass, 
become each winter beaten down to form a new, if finally 
thin, addition to the slowly rising bed of organic remains 
topped by and knit into some firmness by the perennial 
root stalks and roots of the living plants. Also, of course, as 
the whole mass rises, this living mat dies away below and thus 
adds to the total depth of peaty stuff. You will observe also 
that in this tvpe of vegetation, in contrast with the delicate 
“collapsible ” structures of aquatics, the plant has a firmer 
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skeleton and this adds more solid fibre to the peat or muck 
beds. This makes the surface firmer, though in marshes the 
whole mass is pretty thoroughly decomposed. 

At a later page in the bulletin (p. 119) the question is 
discussed as to what becomes of the dead vegetation and 
especially what effect it has upon the course of living vegeta- 
tion. ‘This question applies sharply to the case before us. 
We shall see later that under certain conditions the course 
of vegetation is turned at this stage of the substratum level 
toward bog formation, bog meadow, bog heath and bog forest. 
In this particular ease cer tainly i in Montezuma swamp — 
there is no tendency toward bog formation, but to pass 
through marsh meadow to swamp-shrub or swamp-forest. 
Frankly, I cannot explain why this is so but I believe the 
open, exposed situation which permits free sweep of winds 

and hence shaking up of water and consequent aeration, 
together with the accumulation of flood and wind-swept min- 
eral stuff, operate on the one hand to permit the activity of 
the bacteria which decompose the accumulations of dead 
vegetation and on the other make available certain mineral 
nutrients — likely to be deficient in the less decomposed 
peat beds — for the meadow marsh and subsequent shrub 
and forest plants. 

The case of tide-water marsh meadows is not discussed 
here, partly because I have less first-hand knowledge of 
them, partly because the vegetation problem is largely iden- 
tical with that above considered. ‘The case is by no means 
unimportant since Parsons * estimated the total marsh area 
of the lower Hudson region and the Long Island coast 
at near 50,000 acres. 

The Marsh Meadow Stage of Vegetation. 

In following the successions of vegetation on a substratum 
built up from beneath the water level, and composed chiefly 
of the more or less completely decomposed remains of dead 

1 Parsons, A. L., Peat: Its Formation, Uses and Occurrence in New 
York. 23rd Ann. Rep. State Geologist in 57th Ann. Rep. N. Y. State 
Mus., 1903:pp. 15-88. 
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plants, we approach a stage—as can be observed in the 
Montezuma marshes for example — where the building up 
has gone so far that the soil lies habitually exposed above 
the water table, is firmer and by reason of exposure and 
aeration the organic stuff is more thoroughly decomposed. 
Such ground becomes, then, virtually a new terrain inviting 
an invasion of plants of different requirements as to the soil 
status — especially as respects the moisture relation — than 
the species of the marsh vegetation (cat-tails, ete.). Certain 
erasses and sedges constitute the dominant element in this 
invading vegetation and with them comes to be associated a 
group of species large enough and of such diversity of form 
as to give this society a complex make-up not approached in 
the simple associations preceding. 

The occurrence of marsh meadows in New York is com- 
mon enough, but because of the forage value of the grasses, 
these meadows have been subject to the factor of human in- 
terference in such degree that it becomes a little difficult to 
make them fit into the scheme of succession. For example, 

after the removal of swamp forest, a marsh meadow may 
become established. In a way, this is simply enlarging the 
pasturage area of the farm. In the Mohawk Valley many 

pastures are virtually marsh meadows, some of them covered 
with sedge tussocks, showing the nearness to marsh condi- 
tions. Striking examples of marsh meadow on a large scale 

are shown in the St. Lawrence valley where streams from 
the Adirondacks emerge upon the gently sloping plain — 
e. g., Norwood to Ogdensburg. The “ Beaver Meadows” of 

the Adirondacks and the “ Vlaies” are really marsh- 
meadows, although the tendency toward Sphagnum (moss) 
and heath shrub development in these, rather relates them to 
the category of bog societies. It is instructive to note in 
this connection that the practice of cutting the grass for hay 
on these meadows serves to emphasize and prolong the grass- 
land status. Thus in the report of the State Forestry Com- 
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Photo by W. L. Bray. 

Fig. 12. View of the cat-tail vegetation mat in Montezuma marsh in early 
spring and during an abnormally low-water stage. The ridged effect is prob- 
ably due to violent wave action during high winds which have clean sweep 
across the marshes. 

Photo a H. P. Baler: 

Fig. 13. A glacially filled streamway near Wanakena showing typical 
marsh-meadow. The grass is chiefly Calamagrostis canadensis but there 
are also sedges, etc., and a good deal of Sphagnum. The conifers are 
balsam*and black spruce. 
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mission of 1885 it is stated that after cutting beaver meadows 
or vlaies for three years they become so matted down as to be 
improved by burning. ‘This means of course a change in the 
substratum to a firmer meadow floor rather than a tussocky 
marsh. In their content of “ gay wild flowers’? mixed with 
grasses and sedges is indicated their identity with grass- 
lands generally. 

Smythe' has called attention to these meadows as anatural 
stage in the building up of the substratum (lake filling). 
Reference has been made on previous pages to the effect of 
glacial filling in the Adirondacks where just this frequence 
of lakes and of sluggish streams invites the occurrence of 
large areas of hydrophytic vegetation, notably of marsh or 
marsh meadow, marsh shrub and swamp-forest. 

Of course the ‘beaver meadows” are assumed as the 
name suggests, to have been formed by beaver dams. So 
far as this may have been the case, however, the dam must 

have first entailed the destruction of some forest cover (pop- 
ple, ete.) so that the meadow is in such eases a reversal of 
natural succession. In reality it is not likely that any great 
proportion of such meadows is to be ascribed to the activity 
of the beaver. 

6. Swamp Shrub Vegetation. 

This type of vegetation will be familiar to you when you 
recall the large patches of alder thicket and the still more 
extensive willow flats observed in traversing the State, not- 
ably the Mohawk valley above Little Falls, the lake and 
marsh region west of Syracuse, the Ontario Basin from 
Syracuse to the St. Lawrence valley, the St. Lawrence val- 

1 Smythe, C. H., Jr. Lake filling in the Adirondacks. Amer. Geol. 
XI, 1893. This cites especially Big Rock meadow west of Morehouse- 
ville in Hamilton county. Other lakes two to ten miles north and west 
of Big Rock Lake are spoken of as “ entirely surrounded by meadows ” 
and Big Vlaie as “covered by tall grass.” This “tall grass” is, 
according to the present writer’s observation, generally blue-joint 
(Calamagrostis canadansis [Michx.] Beauv.). 
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ley from Odgensburg to Rouse’s Point and the railways run- 
ning through the Adirondacks. Again you will have ob- 
served other aspects of the shrub vegetation. For example, 

the marsh meadow stage about Tully and similar lakes, the 

marshy divide above Apulia and similar situations will pre- 
sent small shrubs lke shrubby cinquefoil (Dastphora | Po- 
tentilla| fruticosa (.) Rydberg), sweet gale (J/yrica gale 
L.), swamp rose (osa carolina L.), red osier dogwood (Cor- 
nus stolonifera Michx.) and encroaching willows and alder 
(usually Alnus incana | L.| Moench.). Still another aspect 

you may have seen, e. g., at Hoel Pond and similar situations 
in the Adirondacks, where mountain holly (Nemopanthus 
mucronata [L.| Trel.), withe-rod or wild raisin (Vebur- 
num cassinoides L.), black choke-berry (Aronia melano- 

carpa | Michx.| Britton), and smaller heath shrubs. In 
Cicero Swamp, to these will be added high-bush blueberry 
(Vaccinium corymbosum L.). Tussocks of royal fern and 
cinnamon fern will, in such cases, show a persistence of the 
marsh vegetation. This would indicate the invasion of 
marsh directly by shrub, thus eliminating or materially 

shortening the marsh meadow stage and it should be men- 
tioned here that the vigor with which swamp shrub and 
swamp forest establish themselves on wet lands has just this 

tendency to shorten the life of the grass land stage. Perhaps 
it is pertinent to remark that our climate is so thoroughly 
a forest climate as contrasted with grassland climate that 

this tendency to encroachment of woody plants is just what 
one should expect. Certainly the persistence of the grass- 
land stage appears to be more marked in the middle west, 
e. g. in southwestern Wisconsin * than in New York. Still, 
although the sequence is so generally disturbed by human 
interference in New York State, so that marsh meadow and 

1Stout, A. B. A biological and statistical study of the vegetation 
of a typical wild hay meadow. Trans. Wise, Acad, Sci. Arts and Let- 
bers. Uyept, 1, 1912: 
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swamp forest develop apparently on marshland, and marsh 
meadow seems to follow forest naturally, there remain ex- 

amples sufficiently clear to support the general rule that in 

normal sequence, grasses, sedges, annuals, ete., invade the 

marsh and transform it for a longer or shorter period into 

erassland. This is then invaded by small shrub (shrubby 

einquefoil, sweet gale, ete.), large shrub (alder, willows) 

and swamp forest (red maple, elm, black ash, ete.). In the 

case of beaver meadows and (or) vlaies, the small shrub 

stages will generally embrace a number of heath shrubs 
(sheep laurel, pale laurel, leather leaf, ete.) and while wil- 

lows and alders may appear, followed by swamp maple, black 

ash, ete., the trend is toward conifer forest. Thus tamarack, 

white cedar, balsam and black spruce invade the heath shrub. 

This condition, further emphasized in eases (as cited above) 

where mountain holly, black chokeberry, high-bush blue- 

berry, ete., invade Sphagnum-containing marsh meadow (bog 
meadows, therefore?) points to a trend of vegetation which 

finds its extreme expression in Sphagnum-heath-black spruce 

bogs. See later under Bog Vegetation, page 125. 
The case of one of the land locked bays on the shores of 

Lake Ontario, previously referred to in discussing eat-tail 
marshes, is istructive in this connection, first because it 
shows the undisturbed or natural sequence of vegetation and 
second because it bears upon the question as to whether the 
zonal segregation earlier discussed is observable in hydro- 
phytie vegetation. The basin in question was largely in 
the cat-tail marsh stage. At several points this was becom- 

ing marsh meadow. At one place the shrub stage was reached 
and this consisted of buttonbush (Cephalanthus occidentalis) 
which so far as my observation goes is common only in those 
parts of the State classified in Zones A and B, 1. e. in regions 
especially of climate moderated by lake or maritime influ- 
ence, 
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7. The Swamp Forest Stage. 

Swamp forest comprised a material percentage of the 
“forest wilderness’ which was found occupying this State 
three hundred years ago. Some of this occupied built-up 
land which was, to begin with, lake bottom. Stream sedi- 
ment carried into lakes may have been the chief agency in 

the building up. Peat or muck deposits of greater or less 
depth show that vegetation was the agency in many cases. 
But, of course, a vast amount of land as left by glacial ac- 

tivity lay so low that the ground water level was at or very 
near the surface — was swamp land in short. There was, 

of course, no question of a sequence involving aquatic or 
perhaps even marsh vegetation. On the other hand the for- 
est did not develop as if it were a planted mixed stand. It 
vame on the ground gradually. What stages of vegetation 
preceded it and how and when the forest developed is specu- 
lation of course. This speculation naturally carries us back 
to the post glacial migration period when the life zones 
“expanded ”, i. e., floristic elements followed the retreating 
glacier as their respective zones moved northward. You 
will note that the theory is presented — page 166 — that this 
migration involved several “ waves”, e. g., tundra vegetation, 
conifer forests, and finally, deciduous forests. But so far 
as forest on built up land is concerned at least, the sequence 
was of the sort we have been following; that is, woody vege- 
tation invaded marsh meadow. Cicero Swamp — a large. 
filled basin or streamway lying south of Oneida Lake — 
furnishes a good illustration of the course of succession. In 
this swamp, which is really in part bog, built-up soil of clear 

peat and occasional marl beds has been put down to a 
maximum depth, as so far determined of thirty feet.* This 
great depth of peat has been formed in that part of the 

1 Hopkins, T. C. Geology of the Syracuse Quadrangle. Bull. N. Y. 
State Mus., 171:1914. On pp. 35 and 36, data obtained by Brainerd 
and Perry are given. 
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Fira. 14. Swamp forest showing tussock-forming cinnamon fern. This site 
stands adjacent to the giant white pine in fig. 15 

BRET by Te bs eh Baker. 

Fig. 15. Swamp forest at Tully Lake showing the degree to which the 
substratum is elevated by big trees — in this case a giant white pine. The 
hatchet blade rests on the water soaked muck. The white cloth above it 
marks the highest point of the substratum, nearly four feet above the muck. 
Ground hemlock (Taxus canadensis) is the chief ground cover on this elevation. 

_ Soil borings here show about one foot of muck and beneath this about twelve 
feet of marl lying on gravelly clay. 
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swamp where drainage has become much obstructed. Here 
the sequence — assuming it to have begun with open water 

vegetation stages—has been from Sphagnum containing 
grass and sedge marsh, to smaller heath shrub (sheep laurel, 

pale swamp laurel, leather leaf, creeping snow-berry), and 
later, to high shrub (high-bush blue berry, mountain holly, 
choke berry, etc.). The ies forest stage has been domin- 
ated by white cedar, tamarack and black spruce apparently, 
although red maple is common also, 

In the western part of this swamp where a free drainage 
channel has been maintained, one finds cat-tail marsh, marsh- 
meadow, willow and alder shrub vegetation and the normal 
broad leaved swamp species of forest trees. In this section, 

furthermore, the absence of conifers which dominate the 
more bog-like area, particularly black spruce and tamarack, 

is noteworthy. 
The question of the presence of white pine and hemlock in 

the (presumably) later stages of normal swamp forest is not 
involved with that of the other conifers mentioned here. The 
fact that very big trees of pine and hemlock do occur in typ- 
ical swamp forest seems to me noteworthy and to be deserv- 
ing of special study. Perhaps the rapid differential building 

up of the substratum as discussed later furnishes the op- 

portunity for invasion by these two conifers. 
Now, taking swamp forests of New York generally (ex- 

cept perhaps in the Adirondacks) they do not appear to 
stand in this simple developmental sequence. Repeatedly 
you will find this reversed sequence of open lake (with 

aquatic and shore vegetation), swamp-forest, swamp-shrub, 
marsh-meadow and pasture or cultivated field. The fact 
here is, that when settlement and clearing and tilling the 
land began, development of vegetation had progressed so far 

that the swamp forest stage occupied nearly all the ground 
to the lake shore, or the middle of the valley or basin, and 
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in the course of agricultural development, clearing the land 

began with the better drained areas and patches of swamp 

forest were left (though lumbered of course) on land too 

wet to be tilled. Cleared wet lands reverted to marsh- 

meadow and where willows and alders occur — as _ espe- 
cially along the stream channel leading into such swamps — 
the reversion has again reached the shrub stage and very 

commonly also the stage of invasion by white cedar, soft 

maple, ete. 

Effect of the Swamp Forest upon the Substratum. 

The mere mechanics involved in the erection and support 

against storm-stress of massive tree trunks with their spread 
of crown entails a profound effect upon the ground in which 
they are anchored. As pointed out before, it means the 
penetration of the soil by the proportionally massive root 
system. But where the substratum is built upon of organic 

stuff chiefly and is habitually saturated, owing to the high 

water table, the root system does not penetrate deeply — 
develops, rather, superficially and with wide reach and 
strongly emphasized buttressing effect. This brings about 
a rapid and unequal elevation of the land. It is in a way the 

mechanical problem of marsh vegetation over again, only the 
tussocks and the ‘‘ woven mat” are on a correspondingly 

bigger scale. For example, the elevation about a giant white 
pine as shown in Fig. 15 may be three or four feet above the 
general swamp level. So in traversing a swamp forest, say, 
in a wet season, the built-up frame work will be found to le 
well above water level and the intervening spaces below it. 

Later, as the water lowers, these latter will be exposed muck, 
but subject to invasion by mosses, liverworts, marsh annuals, 
ete. This rapid and uneven upbuilding of the swamp land is 
further accelerated by the accumulation of fallen trunks and 

particularly by the turning up of roots and soil when an old 
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tree is blown over. ‘The size and durability of the woody 
structure introduce a factor of slow disintegration and decom- 
position not present in soft herbaceous vegetation. 

Thus, partly by the mechanical factors and effects just 

noted, partly by change of physical conditions as a result of 

forest crown — shading, intercepted air movements, moister, 

cooler air— and of aeration and drainage of the unequally 

built-up substratum, a radically different environment. re- 
sults. To put this significant matter in somewhat technical 

language, the development of a swamp forest results in or 

carries with it a rapid and marked differentiation of en- 

vironment which becomes in effect a stimulus calling forth a 

more diversified or differentiated condition of the plant com- 

munity. The tree trunks, the fallen logs, the elevated places 

about great trees, the depressions, differences of moisture 

and of illumination, of wind exposure, ete., are marks of 

the environment. The segregation into dominant and sub- 

dominant trees, shrubs, tussock forming ferns, swamp an- 

nuals, perennial herbs, vines, ete., including numerous fore- 

runners of climax forests; ground, log, and tree-base cover- 

ing of mosses, liverworts and lichens, and finally, a large ele- 
ment of forest fungi, particularly of wood inhabitating spe- 

cies, indicate fairly the diversity of growth forms and habi- 

tat relations of this diversified type of swamp forest society. 

Types of Swamp Forest. 

In general, the conifer versus hardwood dominance applies 

in swamp forest as under zonal relations we found it to apply 

to the State in general. In the coniferous forest region of 

the Adirondacks, mixed conifer (balsam, black spruce, white 
cedar and tamarack) or pure conifer (especially balsam) 
forests are the rule. In the lower Hudson region these 
species are largely or wholly wanting, the swamp forest 
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being typically hardwood. In general, climatic factors ap- 
pear to control this broader aspect of distribution, but it 

should be noted that it is just in swamps and particularly 

in bogs where the northern coniferous element presses far- 

thest into the more austral zones A, B and C. The follow- 

ing types are suggested tentatively as being based on perhaps 

a too general and superficial survey im which secondary 

forest growth has been too largely represented. 

(1) Dominantly Coniferous Swamp forest. 

a. Balsam Swamp Forest and Balsam Flat. 

The stands of balsam forest on the built-wp and glacial- 
fill soils of the Adirondacks are of course one of the striking 

features of that well-known region. Zon,’ pages 4-6, de- 
scribes these two aspects of essentially swamp forest, giving 
particularly accurate and full percentage data as to the 

ground cover which is a key to the floristic relations. His 

bulletin may profitably be consulted in this and other con- 

nections having to do with the floristie relations of the Adi- 

rondack region as well as with environmental conditions. 

Note especially the map showing balsam distribution, page 3. 

b. Mixed Conifer Swamp Forest. 

As Zon points out, balsam swamp and balsam flat forests 
contain a certain small percentage of other conifers, especi- 
ally white cedar, tamarack and black spruce. Perhaps gen- 

erally each of these species tends to occur in pure stand 

(e. g. pure white cedar along Marion River) but over any 
considerable area, either a pretty general mixture or a mo- 

saic of pure stands of each may be presented. This is shown 
— especially as regards balsam, tamarack and white cedar —. 
in the stretch of built-up land from the inlet of Lake Bona- 

1 Zon, Raphael, Balsam Fir. Bull, U. S. Dept. Agri., No. 55:1914. 



Photo by H. P. Baker. 

Fic. 16. Devil’s Dye-tub at Tully Lake. This is supposed to be an arm 
of the lake isolated by vegetation filling and now become a typical bog but 
with remnants of fresh water vegetation —e. g., the cat-tail. Borings 
made with a Davis peat sampler in the marginal tamarack zone showed over 
ten feet of peat and beneath this, twelve feet of peat-stained marl. The in- 
strument was not long enough to reach the bottom of the marl bed. 

_ Fic. 17. Details of a clump of invading heath shrub (leather leaf) seen 
in fig. 19. The Sphagnum matrix and remnants of the sedge mat are shown. 
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parte to Harrisville. In my observation black spruce is par- 

ticularly associated with bog areas. See page 125. 

(2) Mixed Conifer and Hardwood Swamp Forest. 

This may be regarded as intermediate between the boreal 
conifer types of the Adirondacks and the austral, dominantly 
hardwood, swamp-forest. ‘The geographical position suggests 
this conclusion. This general type is particularly developed 
on lowland of the St. Lawrence valley (from Rouse’s Point to 
Norwood) ; on the eastward of the Ontario basin toward the 

Adirondacks up to more or less 1000 feet elevation (see 
transect page 57); in the Syracuse region and down the 
Mohawk valley; in drainage divide swamps of the north- 
south valleys of the Alleghany plateau (e. g. Tully Lakes 

region ). 
In this: type, aside from the dominance of red maple, 

black ash, and elm the noteworthy feature in my judgment 
is the occurrence of white pine (of very large diameter and 
normal height in the few undisturbed areas) and of hemlock, 
especially as an element in the reproduction of secondary 

swamp forest. White cedar, tamarack and balsam may be 
present, the last however only sparsely and in the territory 
north and west of the main Adirondack region. ‘Tamarack 
is strongly represented northward (St. Lawrence valley) but 
southward becomes more confined to the centers of bog de- 
velopment. White cedar deserves special mention. Its ten- 

dency to occur in pure stands is evident in the Syracuse 
region (Jamesville and Kirkville) increasing northward 

along the Ontario basin and in the St. Lawrence valley (e. g. 
Norwood to Ogdensburg) where thickets of young white 
cedar are a very noteworthy feature. 

(3) Dominantly Hardwood Swamp Forest. 

Two suggestions are put forward as showing how the 
decrease in swamp-forest conifers is correlated with more 
austral climatic conditions. 
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(a) On the level plain of the Ontario Basin in Niagara 
and Orleans counties, American elm and basswood are more 
prominent in swamp or at least in near-swamp forest than is 
red maple. White pine and hemlock are lacking or rarely 
seen. No white cedar, tamarack or balsam were noted. 

(b) In the lower Hudson region elm, ash and red maple 
appear to be still dominant but conifers are replaced by 
swamp oak (Quercus palustris) and Q. pogodaefolra (EIl.) 
Ashe (Q. digitata Sudworth), and no doubt by other species 
which become common in swamps southward. The oecur- 
rence of southern white cedar “ swamps” in New Jersey, 
Virginia, ete., is cited in connection with bog forest under 

the caption, The Bog Sequence of Vegetation, page 129. 

The Bog Sequence of Vegetation. 

In attempting to present a fairly clear statement as to 
the course of vegetation leading to swamp forest on built-up 
organic soils, certain facts have been omitted which throw 
light on the subject of bog formation. For example, in 
referring to Cicero swamp (page 113) while mention was 
made of Sphagnum, of certain shrubs (high-bush blueberry, 
red choke berry, mountain holly) and black spruce, no con- 
clusion was drawn from this combination of species nor was 
it emphasized that the built-up soil (whose depth has been 
found in some spots to reach thirty feet) was brown, fibrous 
peat." It could have been added that tree trunks have been 
found in this swamp, buried in the peat and in fairly well- 
preserved condition. This, of course, shows that the accum- 
ulation of fallen vegetation is less completely decomposed 
than the black, fine-grained muck of the marsh and swamp. 
It is in a more or less disintegrated condition but. still 
evidently plant remains, the larger, firmer pieces — tree 
trunks — being preserved in natural dimensions. Such cases 

1 The terms muck and peat are used here as generally understood and 
as distinguished for example in soil circular 65, of the U. 8S. Dept. Agr. 
Bureau of Soils. No suggestion is offered for making this distinction 
on technical grounds. 
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are generally familiar. You will have read of the “ keep- 
ing” qualities of bog water. Bodies of large animals are, 
from time to time, found buried in peat bogs. When the 
peat of these bogs is scattered on a field it becomes further 
decomposed, the nitrogen especially becomes available for 
living plants in the form of nitrates. When bog soils rise 
above the water table, the peat undergoes at least partial 
decomposition, the complete stage of which would be the 
formation of leaf mold. This stage is reached in a moist 
but well-drained high forest. It is not complete in swamp 
soils and marshes. Even in Montezuma marshes there 
appear to be basins or pockets where fibrous peat rather 
than the blacker, finer grained muck occurs. Decomposition 
is hindered in some places of the marsh more than in others. 
The extreme case of retarded decomposition exists where 
plant (and animal) remains lie indefinitely preserved — the 
scfter parts being disintegrated (macerated) but not chem- 

ically broken down in the sense that the elements which 
entered into the building up of the plant are set free in com- 
binations available for use again. 

To have in mind the essentials of what is involved here, 

recall that the active agents in this reduction or decomposi- 
tion of dead organisms (animals as well as plants) are 
certain kinds of bacteria. Whatever would retard or pre- 
vent the activity of these bacteria would retard or prevent 
the decomposition of dead organisms. Oxygen is neces- 
sary for these bacteria. A: water-soaked soil, being poorly 
aerated, reduces the oxygen supply, checks the activity of 
such bacteria and retards decomposition or results in only 
partial decomposition —e. g. muck. This is the condition 
prevailing in swamps generally. ‘Still less perfect aeration 
further impedes bacterial activity and consequently decom- 
position. This appears to be the condition which prevails 
where the tendency is toward bog development in small 
basins (kettle holes); in an arm of a lake cut off from free 

water movement (Devil’s Dye-tub at Tully Lake); im the 
middle of a swamp; in glacially blocked valleys where basins 



Photo by W. L. Bray. 

Fre. 18. Section view of the Sphagnum heath mat in a bog near Saranac 

Inn Station. Black spruce border. Sphagnum has been removed for packing 
nursery stock. The heath-shrub is chiefly leather leaf with more or less 
Labrador tea, bog rosemary, lamb kill, ete. 

ar iets 

Photo by _W._L. Bray. 

Fig. 19. <A glacial “ Kettle Hole ’’ in the sand bed near Phoenix reclaimed 
by vegetation. The photograph shows dominant leather-leaf (occupying 
a sphagnum peat substratum) the large-shrub stage, and beyond, a close stand 
of invading black spruce. 
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with impeded drainage occur (Bog River between Long Lake 
West and Horseshoe and quite generally in the Adirondacks). 
Beginning with impeded drainage or lack of disturbance of 
open water by winds, with resulting check to bacterial 
activity and consequently to decomposition of accumulated 
vegetation debris, the bog status becomes cumulative appar- 
ently by the accumulation of toxic or actively harmful sub- 
stances in the bog water — toxic at any rate to typical swamp 
plants —and the failure to release nitrogen and perhaps 
potassium and phosphorus in a form available for the nutri- 
tion of the growing vegetation. Certainly nitrogen in avail- 
able form is deficient. The deficit of potassium and phos- 
phorus in the bog, whether because these elements are not 

present in the organic substratum in sufficient quantities, 
or whether through imperfect decomposition are not made 
available, is not made up by the slow additions of mineral 
matter, as by wind-blown soils, for we are dealing with situa- 
tions where the bringing in of sediment by stream flow is of 
small moment. Acidity’ may play a role in intensifying 
bog conditions or, possibly, the “ acid reaction” of the bog 
soil. 

It is to be noted that other factors, for example, low 
temperature, may inhibit bacterial activity and hence favor 
the accumulation of undecomposed vegetation remains 
(peat). It has been suggested that this factor would play a 
role in bogs (they are spoken of as ‘“‘cold bogs”) and par- 
ticularly in the Adirondack region. Certainly on Mount 
Marcy this seems to be the case as it is notably in the arctic 
regions generally where peat formation under tundra vegeta- 
tion occurs. Recent investigations in bogs of regions corre- 
sponding to our Zone B* do not seem to bear out this sug 
gestion but for the zones D, E and F in the Adirondacks the 
case may be different. 

Se F. V. Experiments in Blueberry Culture, B.P.I. Bull. 193, 

Me Dachtowend: Alfred, The vegetation of Cranberry Island (Ohio) 
and its relation to the substratum, temperature and evaporation. Bot. 
Gaz., 52:1911. 
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Having then a situation which tends toward the develop- 
ment of a substratum as above described, a fundamental 
difference in vegetation types both as to floristic content and 
as to growth form is entailed. The kettle hole, the arm of 
the lake, the shallow basin of an impeded stream-way, may to 
this point have had the sequence of vegetation as described 
for the hydrophytic successions. The floating vegetation, the 
submerged aquatics, the partly emerged, floating leaved 
aquatics may have been — indeed are shown to be — essen- 
tially as described above. 

I am of the opinion that the later successions may go 
forward before the bog closes in, as one may say. The fact 

seems to be that while bog conditions eventually eliminate 
the fresh water (as contrasted with bog water) species, these 
hold their ground with varying degrees of tolerance becom- 
ing gradually a mere remnant of “‘ foreign” flora in the now 
revolutionized habitat. 

1. The Case of Devil’s Dye-Tub at Tully Lake. 

Thus in the above, locally well-known bog, a few plants of 
cat-tail (Typha latifolia), isolated specimens of arrow arum 
(Peltandra virginica) and the small shrub sweet gale, 
together with a bit of decadent (7%) alder thicket still persist 
in the presence of an otherwise typical bog. The position and 
surroundings of this bog suggest a history which confirms the 
opinions here put forward. In the first place, Tully Lakes 
as a whole exhibit a normal and strikingly complete sequence 
of the hydrophytie successions, not perfect at any one point, 
but readily constructed from good illustrations of each stage. 
The bog in question lies in the center of a swamp forest which 
furnishes excellent data for statements made about that type 
of vegetation earlier. The swamp forest bears evidence fully 
reinforced by actual borings) * of having become established 

1 These “‘ borings ” were made with a Davis peat sampler along a line 
extending from the submerged zone of Potamogeton and Elodea in the 
above mentioned arm of Tully Lake to the Devil’s Dye-tub. At the first 
test point — the Potamageton zone in ten feet of water — the sampler 
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on a filled arm or bay of Tully Lake proper. Devil’s Dye-tub 
bog is taken to be the last vestige of this former bay, which 
as the land was built up above the shallower waters became 
isolated, undrained, unaerated, sour (?) toxic (7%) deficient 

in certain plant nutrients —in short became, if not an ex- 
treme type, still a fairly typical bog. Note the attendant 
circumstances : 

(1) A small cireular pond some scores of feet in diameter 
of typically dark bog water without a vestige of larger aquatic 
vegetation.’ This is so nearly filled that in dry midsummer 
the oozy, uncompacted organic substratum lies partly exposed 
to the air. 

(2) A floating Sphagnum-sedge zone encroaching upon the 
open water. 

(3) An invasion of heath shrub (leather leaf, bog rosemary 
and Labrador tea) into the sedge zone with thickening of the 
Sphagnum mat. The substratum still floating at high water 
stages but generally more firm. 

(4) Next outside these a circular zone of tamarack. 
(5) The occurrence of such characteristic bog species as 

snake-mouth (Pogonia ophtoglossoides |L.| Ker.), pitcher 

showed clear marl at twenty-two feet but the solid bottom was not 
reached. In the water-lily zone near shore and in one foot of water 
the marl depth was twelve feet to hard bottom. In the swamp forest 
one hundred feet from the lake shore, one foot of black muck was under- 
laid by ten feet of marl. This marl deposit (in every respect like 
that in the lake bottom) shallowed out to less than two feet in depth 
on the dividing ridge between the lake-arm basin and the dye-tub 
basin, then on the dye-tub side increased rapidly to four, eight, ten feet 
in thickness, but as the test stations approached the center of the basin 
or bog proper, a deposit of brown fibrous peat from one to ten or more 
feet in depth lay above the marl. The final test station lay at the 
outer margin of the tamarack zone and perhaps one hundred fifty feet 
from the “dye tub.” Here with ten feet of brown peat and thirteen 
feet of marl with peat fragments, the sampler failed to reach solid 
bottom. Indeed, it would still sink slowly by its own weight. I have 
no doubt that further tests will show more than thirty feet of filling 
in the dye-tub basin and that the adjacent arm of the lake will show as 
much as fifteen feet of filling —marl—under the present pondweed 
vegetation. 

1 The occurrence of a slimy layer of blue-green alge has been noted on 
the submerged ooze. 
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plant, sundew, marsh cinquefoil (Potentilla palustris |L. | 
Scop.) bueckbean (Menyanthes trifoliata L.) and hoary wil- 
low (Salix candida Fluegge). The swamp forest has en- 
eroached closely upon the circular bog area and the presence 
of swamp and marsh plants already named together with 
others of frequent marsh habitat are features which appear to 
strengthen the interpretation of vegetation and substratum 
history at this point. 

2. The Case of a Small Glacial Basin or “ Kettle Hole.” 

This was a small depression left among the sand deposits 
of the Iroquois basin. It lies near Phoenix. It was evidently 
a small pond. At the present time in stages of high water- 
table, water stands at or close to the top of the Sphagnum 
mat, but the surface of the filled basin 1s covered by a dense 
shrub vegetation. The bulk of this is leather leaf (Cham- 
aedaphne calyculata) but larger shrubs, withe-rod, black 
choke-berry and mountain holly occur in small clumps where 
the ground is a bit higher. With these, also, chain fern. 
Eneroaching upon the shrub mat is a close stand of black 
spruce (See Fig. 19). A closer examination of the shrub 
mat shows dense Sphagnum growth filling in about and 
among the heath shrub. Excavating with the hand, one finds 
the matrix of Sphagnum to be very thick. For the first foot 
or more it is preserved as to structure though only the top 
few inches is alive. Still further down the Sphagnum is dis- 
integrated and becomes a part of the general peat mass. Ev- 
idently, however, peat moss has been the chief agent as indeed 
it is now in filling the basin. The vegetation of the basin 
stands in no relation, either floristic or associational to the 
surrounding chestnut, oak, bracken vegetation of the sandy 
lands. 

3. The Case of Bean Pond. 

This is an Adirondack bog of the extreme type. It lies 
in a poorly defined valley much filled by glacial till — nota- 
bly sand — on the land of the Ranger School of The New 
York State College of Forestry near Wanakena. <A low, nar- 
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row sand ridge, doubtless a glacial esker, cuts across the 
shallow valley. Bean Pond lies immediately below this esker. 
(See Fig. 20 which was taken from the top of the esker). 
The “pond” itself appears to be unrelated to the valley 
drainage at present, but below, a narrow strip of lost drainage 
land is occupied by balsam swamp and marsh-meadow (both 
with Sphagnum) and a little farther on the stream finds 
itself in a definite channel. Let us set down serially the cir- 
cumstances here: 

(1) There is the circular, open, almost lifeless zone of 
black water. 

(2) There is no well defined floating Sphagnum-sedge 
zone. 

(3) The Sphagnum-heath shrub mat runs up to the border 
of open water forming the shore line which shows almost no 
evidence of advancing at the present. This mat is compact 
and while leather-leaf is dominant, there are more species of 
heath shrub than at the Tully Lake bog. The shrubs are 
very much dwarfed. 

(4) The encroaching zone of bog forest is made up almost 
exclusively of black spruce. It appears to be in uniformly 
eraded sizes based on age. As a matter of fact, analysis of 
sample strips running radially from the central pond, showed 
that the small trees, apparently almost mere seedlings, near 
the pond are about as old as the tallest ones at the margin 
of the bog. In short there is noteworthy dwarfing of both 
spruce and heath shrub, increasing toward the central open 
water zone. 

It really looks as if the logical outcome of bog conditions 
had been reached in this extreme case; namely, that by reason 
of toxicity, deficit of plant food, acid reaction or whatever or 
what all it may be, the progress of vegetation has been brought 
to a relative standstill. To such a conclusion do the facts 
seem to point, as to absence of floating sedge zone, firmness of 
the Sphagnum-heath mat and of its border on the open 
water; the lifeless, open water zone and the progressively 
intenser dwarfing of spruce and shrub toward this zone. I 
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need scarcely point out that again in this case we have 
broached a subject for further and more detailed experimen- 
tal study, particularly since the conclusions here drawn in- 
volve a different interpretation of the relation of bogs and bog 
vegetation to swamps, and swamp vegetation than those 
usually put forward." 

Geographical Distribution of Bogs in New York. 

In general, bogs are of frequent occurrence in the glaciated 
regions but by no means confined to them. Thus cranberry 
bogs are a pronounced feature in the sand barren region of 
New Jersey. No part of New York State 1s without bogs 
but 1t may be said that in the Adirondack region the tendency 
toward bog development is quite general. ‘This may be 
largely due to the edaphic conditions growing out of the char- 
acter of glacial fillmg — blocked streamways and basin for- 
mation — and in part to climatic conditions — prevailingly 
lower temperatures. So far as climatic conditions determine 
a boreal vegetation in general — progressing in intensity 
with elevation — they might also be expected to be operative 
in bog formation. Taking the hydrophytie sequence of vege- 
tation of the Adirondacks generally —sedge marsh, beaver 
meadow, swamp shrub and swamp forest — there is through- 
out a greater nearness to bog conditions than to typical 
swamp. ‘The early presence of Sphagnum in the marsh-sedge 
mat and its continuance on through beaver meadow to forest 
(balsam forest in very wet soils is dwarfed and commercially 
worthless according to Zon. The ground cover is 70% 
mosses, Sphagnum, and others, l. c., p. 5) and, again, the ap- 
pearance of heath shrubs in the beaver meadow or even earlier 
stage, are other constant differences which point to the great 

1 Jn this connection see papers by Dachnowski, Davis, Detmers, Liv- 
ingston, Shaffner, Transeau and others. The literature, especially as 
relates to bog, moor, heath-moorland, etec., is quite voluminous. The 
whole subject is pretty fully presented and full literature citations 
given in Dachnowski’s work previously cited. (Peat Deposits of Ohio.) 
Geol. Surv. of Ohio, fourth series, Bull. 16:1912. Dachnowski, l. ¢., p. 
222, proposed the name * Bog Series ” for the successive vegetation stages 
developing on a peat substratum. 
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tendeney toward bog development in the Adirondacks. In 
swamp forests elsewhere, the lowest part or middle of the 
swamp will ordinarily show its zone of tamarack or white 
cedar though rarely black spruce or balsam. For the rest of 
the State, small basins in the regions of sand deposits notably 
in the Ontario-Iroquois basin (Cicero swamp in part, Phoenix 
bogs, Oswego county bogs, Mendon Ponds in Monroe county ) 
are sites of more or less extreme bog development. So, also, 
in connection with the more pronounced swamp development 
of the basin regions previously mentioned, p. 118, and of the 
poorly established drainage at stream sources or drainage 
divides in the Alleghany Plateau (Tully Lakes Region, Ma- 
chias) and small basins in morainie areas (bogs of the Free- 
ville district). 

Chamaecyparis Bogs. 

Ecologically the bogs with southern white cedar (Chamae- 
cy parts thyoides ( (is) ‘3B .S.P.) appear to be the same as those 
of the Adirondacks but they are confined to the coastal plain 
from Massachusetts southward reaching their most note- 
worthy occurrence in the Pine Barren region of New Jersey 
and the Dismal Swamp region of Virginia. In New York 
they figure very little, being limited to the Long Island coast 
and the lower Hudson region. There may be no sufficient 
justification for employing the term “bog” rather than 
‘““swamp ”’ in this connection. My aim is for the moment to 
emphasize what appears to be a radical difference in hydro- 
phytic succession where the substratum comes to be of 
character to favor the Sphagnum -- heath shrub -- conifer 
sequence rather than what I conceive to be the normal swamp 
sequence. Harshberger (/. ¢c. pages 441) speaks of white 
cedar swamp formation and says “the cedar swamp has a 
substratum of red brown peat composed largely of the stems, 
leaves and roots of Chamaecyparis and of buried logs in a 
remarkable state of preservation.” Also, as perhaps bearing 
on the matter of normal sequence toward climax forest,— 
“On somewhat higher ground Quercus aquatica, Q. 
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Michauxu, Fagus americana (Ff. grandifolia) invade land 
formerly occupied by white cedar.” 

Notable Working Units in Bog Vegetation. 

The effectiveness of bog vegetation has been inferred from 
previous mention of the character and amount of peat laid 
down by it. The above caption is employed for the purpose 
of focusing attention upon two unique growth forms as 
‘working units” characteristic of bogs. These are (1) 
Sphagnum and (2) heath shrubs. 

(1) The characteristics and role of Sphagnum. 

Botanically, Sphagnum is one of the genera of mosses, the 
only genus of its special group Spagnales. There are perhaps 
250 species all told of which perhaps 30 to 40 species * may 
occur in New York. Popularly it is simply peat moss which, 
considered from our present viewpoint, has peculiarities of 
structure and habits of growth which give it unique qualities 
as to taking up and holding water. Hence its use by florists 
and nurserymen. Laled peat moss is a standard article of 
commerce in this connection. Fig. 18 shows a view of an 
Adirondack bog from which peat moss is taken for packing 
young transplants from the State nursery at Lake Clear. This 
view will also indicate the character of mat which Sphagnum 
builds up. These mosses may in fact be the chief — some- 
times practically the sole agents in peat formation. As 
pointed out in describing a bog near Phoenix, the Sphagnum 
mat may consist of recognizable Sphagnum plants to a depth 
of a foot or so, but below this it is more or less disintegrated. 
It is often — I believe generally — associated with sedges in 
forming the zone of floating Sphagnum-sedge mat which car- 
ries forward the invasion of land vegetation out over the open 
water zone (recall the case of Devil’s Dye-tub). In the 
Sphagnum-heath shrub mat, Sphagnum makes an aggressive 
upward growth among the shrubs, the two together forming 
small mounds in this part of the bog. Statements as to 

1 The number of species of Sphagnum listed from Connecticut is 31. 
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the aggressiveness of Sphagnum in leading a bog invasion 
to the ultimate extinction and burying of forest may 
be found e. g., in Warming’ where its role as an agent of 
invasion and peat forming is more fully described.” 

(2) The Characteristics and Role of Heath Shrubs. 

The word heath is used in rather the popular sense. Per- 
haps the expression heath family will be generally under- 
stood to apply in the sense in which it is used in Gray’s 
Manual. The heath kinship circle, under the order name 
Ericales* embraces the following families: (1) white alder 
family (2) wintergreen family (3) indian pipe family, (4) 
heath family (5) huckleberry family (6) diapensia family. 

The entire order of Hricales is of special interest not only 
in the more restricted ecological relation but equally in the 
broader aspects (historical and other) of plant geography. 
We have noted their occurrence among the arctic species of 
Mt. Marcy, in bogs of the extreme type, in the filling of 
glacial “kettle holes”, in sand barrens, and on arid moun- 
tain ridge habitats (Shawungunk Mts.). Perhaps the chief 
immediate interest lies in the occupation by certain heath 
shrubs of these “ difficult ” or unfavorable soils — substrata 
—of peat and sand. 

The unfavorable qualities of such soils are associated with 
factors which make the absorption of soil water or soil nu- 
trients or both difficult. They have been thought to consti- 
tute “ physiologically dry”? habitats and to support there- 
fore a xerophytic vegetation. Certain characteristics of 
heath shrub structure are interpreted in this connection, 
e. g., the ericoid type of leaf. We have already made refer- 
ence to factors of toxicity, acidity, lack of available nutri- 
ents, ete. Certainly so far as peat and sand soils, from 

1 Warming, /. c., p. 201 and following. Again, p. 361. 
2 As to the structure and life history of Sphagnum, see college text 

books on morphological botany. 
3 Britton, N. L., and Brown, Addison, Illustr. Flora Northern U. S. 

and Canada. Second edition, 3 vols., 1913. 
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whatever cause, represent an approach toward conditions 
which exclude vegetation, the heath shrubs which persist be- 
yond or dominate over most other species must be regarded as 
having noteworthy tolerance and resistance. As bearing 
on this problem of soil adaptation, the work of Covyille* on 
blueberry, trailing arbutus, ete., is noteworthy. Especially 
are you recommended to read the bulletin on blueberry eul- 
ture. Coville found that in the case of blueberry and other 
heaths, the rootlets instead of possessing the normal absorb- 
ing cells called root hairs, are inhabited by a fungus —one 
of the mycorhizal fungi which appear to exist in a symbiotie 
relation with the plant whose roots they inhabit. He found 
further that such fungi exist only in an acid medium and 
accounted for the presence of blueberry, ete., on peat soils 
and on sand by reason of the acidity of both these substrata 
(1. c. page 85). It is his view furthermore that the acidity 
of peat soils is the main factor in inhibiting the activity of 
nitrifying bacteria and therefore of the non-available condi- 
tion of the nitrogen. He thinks that the mycorhiza of the 
heath shrub roots play a role in transforming the non-avail- 
able to available nitrogen which the heath plants then absorb. 

THE DEVELOPMENT OF VEGETATION UPON 

A SUBSTRATUM SUBJECT TO PREVAILING 

WATER DEFICIT. 

This case carries us just to the opposite extreme of the 
water relation from what we have been considering. Con- 
cretely the problem is for vegetation to establish itself upon 
a substratum of solid rock, boulders, gravel, sand, ete., in a 
climate like that of New York State where rainfall, humid- 
ity, fogs and dew make possible a luxuriant vegetation upon 
a substratum eapable of maintaining a relatively constant 
water supply. Such constancy of moisture supply is of 
course impossible upon bare rock and sand if these lie above 

1 Coville, Frederick V. Experiments in blueberry culture. Bull. 
U. S. Dept. Agr., Bur. Pl. Ind., No. 193:1911. 



Photo by W. L. Bray. 

Fig. 21. Large boulder at Hoel Pond deeply embedded in the forest debris. 
The exposed, smooth portion is in process of being covered by vegetation. 
Crustose lichens, foliose lichens and a rock moss (Grimmia ovata) compose this. 

Photo by W. L. Bray. 

Fie. 22. Encroachment of vegeta*ion upon granitic vock overlooking Hoel 
Pond. Lichens and rock moss on the vertical face. Early moss-mat above 
being covered by forest litter, reindeer moss (lichen), American twin flower, 
and false lily-of-the-valley. 
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the water level or unwatered by surface seepage. Countless 
illustrations of this case lie before the eye in any quarter of 
the State, and not only is the difficult problem apparent but 
steps in the solving of it may be studied, and this even on a 
large scale in a region like that of Long Lake West where 
the disastrous forest fires of 1908 laid bare discouraging 
acres of rock and sand. 

To get the full magnitude of the problem we should once_ 
more imagine a terrain in the condition presented upon the 
retreat of the last glacial invasion, or viewing the ground 
from the point of view of the present, imagine the heavy 
vegetation cover of three hundred years ago to be stripped 
off, together with its body of humus, duff, peat, ete., which 
it had built up. Now, of course, such a denuded terrain 
would show a lot of finer till— clay, ete.— capable of re- 
taining a relatively constant and ample supply of moisture. 
Also as we saw, extensive areas covered with water or lying 
so low as to be constantly water soaked. But one would 
especially be impressed by the vast areas of bare and often 
polished rock, rock ledges, accumulations of angular rock 
fragments broken loose from their native strata, deposits of 
rounded water and ice worn boulders — especially the glacial 
moraines of coarser or finer gravel, and, finally, of sand as 
laid down in such vast deposits as we find throughout the 
Adirondacks, on the Ontario-Iroquois basin and at the mouth 
of the Mohawk, Saranac and other rivers. No doubt some of 
this terrain — especially rock cliffs and rugged mountain tops 
—has never been covered with vegetation, but really the 
areas upon which vegetation had not established itself in 
strength enough to build up an organic substratum would be 
almost negligible. This statement is ventured in the face 
of the desolate landscape of bare rock which one sees in so 
much of the Adirondack region to-day. Can vegetation re- 
establish itself on this lost ground and if so, what is the 
course of development? We may get some light on this ques- 
tion from specific illustrations. 
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1. The course of vegetation on bare rock. 

Hoel Pond near Saranac Inn Station offers a good field for 
a study of this. A tolerably high, rocky promontory fronts 
southward upon the lake. The surface generally is strewn 
with coarse fragments of the granite-like rock, some worn 
smooth and rounded, some — including numbers of huge 
dimensions — are angular. At one point a few square rods 
of native rock lie with a southern exposure. This outcrop 
is not clifflike but rounded off, although fractured enough to 
present seams or small fissures and the surface is minutely 
roughened in the characteristic fashion of weathering granite. 
Some of this rock is entirely bare of plant life in mid- 
summer at least, though doubtless certain blue green algae 
and perhaps minute lichens cover it in somewhat wet, fogg 
and cloudy weather. But generally a close examination will 
reveal minute crusts of lichen attached to the rock as if a 
part of it. These may be regarded as the beginning of the 
invasion. ‘Their presence may have promoted the formation 
of deeper pits in the rock where dust and some organic debris 
may lie long enough to offer a foothold for the broad disc- 
shaped lichens (Umbellicaria and Gyrophora) which now 
cover most of the rock, being held firmly by root-like hold- 
fasts set in the minute pockets. These relatively large plants 
make a thin interrupted mat which tends to accumulate dust 
and the small amount of organic debris. The lichens are 
extremely tolerant of dessication and are in fact dry and 
brittle most of the day in midsummer. With dewfall or 
fog and especially when it rains they expand and become 
very prominent. 

The seams or fissures present an easier point of invasion 
because of the accumulation of soil and a more constant 
water supply. These seams are occupied by mosses — Poly- 
trichum, and especially by a rock fern (Chezlanthes Feet). 
Larger plants such as blueberry may get a start in these fis- 
sures. At the crest of this rock exposure, a thin body of 
mineral soil and raw humus composed largely of pine needles 
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has been built up and upon this, mats of reindeer lichen are 
established. See Fig. 22. Further up and on more level 
ground, a matrix of fine sand covers the bed rock. A thicker 
layer of duff covers the sand and this supports a shrub vege- 
tation chiefly of heath species and especially blueberry ( Vac- 
cinum angustifolium), but this way beneath a stand of 
red pine which has become established at this point. Farther 
back from the lake, the vegetation history has proceeded so 
far that the rock strewn area is quite generally hidden be- 
neath a deep cover of duff in drier places (under conifers) 
and of leaf mold in moister places (under hardwoods). Even 
large boulders rising above the general level are more or less 
covered with a soil matrix which supports at least polypody 
(See Fig. 23) and perhaps small shrubs and even young sap- 
lings (e. g. Betula lutea). Finally, the main area of the 
promontory, which, to begin with, was strewn with boulders 
and big angular rock fragments, is covered in general with a 
climax forest dominated by sugar maple, yellow birch, beech, 
hemlock, some paper birch and red spruce and a varied forest 
floor vegetation. 

Returning now to the problem of the bare rock surface: it 
is quite within probability that with such a steep slope and 
so full an exposure to sun and storm, the instense drying 

effect, the wash of rainfall and the sliding snow and iee, 
vegetation could never establish itself strongly enough to 
build up a supporting humus cover. But even this seemingly 
hopeless invasion may be carried through especially with help 
given by the established vegetation at the crest. But as to 
the general status of the boulders covering the promontory, 
for the greater number, the problem is solved by their being 
covered by the great mass of debris which accumulates over 
the area on which they lie. There are, however, some so 
large that they stand out free from the general substratum. 
A, rounded boulder more or less exposed to the sun had only 
this vegetation: (1). Closely adhering crusts of lichen; 
(2), patches of dark colored moss (Grimmia ovata?) (3) ; 
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Iie. 23. Large angular boulder, Heel Pond, with moisture-holding blanket 
built up by vegetation, and now covered by polypody. 

Photo by W. L. Bray. 

Fig. 24. A boulder upon which the soil blanket became heavy enough to 
support approximately climax forest vegetation. 
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thallus like spreading rosettes of lichen (Parmelia tilcacea)* 
(see Fig. 21). Another boulder (angular, with sloping top) 
had a mat of partly humified duff from one to three inches 
thick, knit together by the roots and rhizomes of polypody 
which made a close vegetation cover. Some larger plants 
(spermatophytes) were gaining a foothold here. Upon yet 
another and much larger boulder the vegetation history had 
progressed so far as to build up a soil mat one to six or more 
inches in depth which retained water so well that it supported 
not only raspberry canes but fair-sized saplings. The seep- 
age of water from this soil mat kept the sides of the boulder 
wet for at least a day or two following a soaking rain and an 
algal growth (probably Protococcus and blue-greens) cov- 
ered the vertical face while mats of moss had formed where- 
ever a slight fissure or ledge gave mechanical support. Of 
course some of you will have seen fair sized trees growing 
on top of large boulders in the Adirondacks. See also Fig. 
24. 
A study of conditions in the Long Lake West district seven 

years after the disastrous forest fire of 1908, reveals among 
other items to be mentioned subsequently that bare rock sur- 
faces are gradually but of course slowly in most cases, being 
covered by mats of moss — especially Polytrichum Fig. 48 
— which gains its foothold first at fissures and spreads from 
these. In some cases the rock surface lies so that seepage 
keeps it moist in which case the spread of moss is relatively 
rapid. On the other hand, all the gain of a wet season may 
be lost by drying up of the moss mat in very dry weather. 
It may be mentioned here that even in the severe fire of 1908, 
not all the blanket of vegetation debris—duff, peat, leaf mold 
— was burned off so that the return of vegetation is faster 
than on surfaces that were burned bare. The accumulations 
of drier — often dustlike — duff are largely covered by a 
Polytrichum mat which is being invaded by red raspberry 

1In this connection, see Cooper, W. S., The Climax Forest of Isle 
Royale, Lake Superior and its Development. Bot. Gaz., 55:1913, p. 118 
et seq. Also Whitford, H. N., The Genetic Development of the Forests 
of Northern Michigan. Bot. Gaz., 31:1901, p. 306 et seq. 
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and certain annual plants. More generally, the country 
burned over is covered by a growth of aspen (Populus 
tremuloides), fire cherry (Prunus pennsylvanica and oc- 
easional birch (Betula lutea) and large toothed poplar 
(Populus grandidentata). 

The ease of Dibble Mountain in the Catskills is instructive 
in this matter of the development of vegetation on exposed 
rock.. The fairly flat top of this mountain was lumbered 
for red spruce some 15 or 20 years ago. Subsequently a 
fire or fires cleared the summit of practically everything in- 
eluding a rich, deep blanket of organie debris. Stages in 
succession moving toward forest recovery include minute 
algae, lichens and especially moss mats of Polytrichum be- 
ginning especially at moist fissures. Fire weed (Chamae- 
neriton (Hpilobium) angustifolium (L.) Scop.), bristly sar- 
saparilla (Aralia hispida Vent.) and other herbs, and sparse 
grasses and sedges get a foothold in the fissures or older mats 
of moss. The dominant cover at this time is made up of the 
usual fire cherry and aspen growth, with a boreal birch 
(Betula cordifolia Regel = Betula alba var. cordifolia of 
Fernald) and the encroaching original forest as seedlings and 
young saplings of red spruce and balsam. The presence of 
seams and pockets, the latter due to the presence of the frac- 
tured summit rock, are factors in this relatively rapid re- 
covery. 

The North slope of Dibble mountain which if stripped of 
forest cover and organic soil blanket would present a steep 
talus of rock fragments, many of huge dimensions, with finer 
debris and weathered products filled in among them, shows 
a climax forest cover of our zone D type with less maple and 
yellow birch and more balsam, spruce and mountain ash 
above 3,000 feet but just the reverse proportions at lower 
elevation. The presence of such a forest with its constant 
soil moisture conditions stands in great contrast to those 
slopes which have been denuded and thrown back into a 
xerophytic condition. This case represents the conditions 
and outeome of vegetation development for a large amount of 
territory in the State namely, the rougher hill and mountain 



Photo by W. L. Bray. 

Fie. 25. <A falling tree exposes the substratum of boulders upon which 
vegetation has laid a deep blanket, part of which is now a living moss mat. 
This area appears to be an ancient torrent bed. Near Wanakena. 
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Photo by W. L. Bray. 

Fie. 26. View of a sand flat near Sylvan Beach on Oneida Lake. Fore- 
ground shows Polytrichum mat. Next, compact heath shrub (leather leaf) 
and beyond, dominantly popple-birch (white birch) with some aspen. 
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districts where bare fissured rock or a covering of coarse rock 
fragments and worn boulders formed the terrain upon which 
vegetation development carried out its course and where, in 
many instances, it has been thrown back to the initial or early 
stages again as a result of destructive lumbering and fires — 
in some cases also by farming methods. It will be recognized 
that the problem for vegetation was originally and is now 
simplified by the fissured, fractured and greatly roughened 
surface and consequent moisture seepage and the filling of 
fissures and pockets by the finer products of weathering. 
Naturally an isolated, rounded summit of exposed rock, es- 
pecially where this is polished smooth, will always remain in 
the xerophytie or dwarf shrub and dwarfed and gnarled tree 
stage. 

2. The Development of Vegetation Upon Sand. 

Our interest in this connection centers in sand deposits 
which are compact and relatively stable. There is relatively 
little territory in New York where sand hes loose in dune 
formations subject to rapid shifting by wind action. There 
are however such eases on the shores of Lake Ontario and 
on Long Island notably at Montauk Point. In the former 
ease, sand dunes are occupied by chestnut, oak, white pine, 
bracken fern, ete. The course of development would, how- 
ever, carry us back to the early stage when the surface of the 
sand may have been temporarily held in place by algae and 
moss protonemata, while sand binding grasses and other sand 
binding plants and, later, shrubs gained a foothold and by 
the vigor of rhizome and root development bound the sand in 
place while the rapid vegetative multiplication spread a 
vegetation mat over the dune. Such in fact is essentially 
the course on sand beds in the Adirondacks, for example, 

although bracken fern rather than grasses, and the dwarf 
blueberry (Vaccinium angustifoltum Ait.) and Canada blue- 
berry (Vaccinium canadense Kalm) are the chief working 
units of vegetation in this early stage. 

The noteworthy areas of sandy soils in New York comprise 
first, sand deltas composed of flat deposits put down under 
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water as where the Mohawk, the upper Hudson, the Saranac 
and Black river emptied into bodies of water standing at a 
much higher level than at present; second, the beach sand 
laid down during the advances and recessions of the great 
glacial Lake Iroquois, e. g., sand beds of the regions about 
Rochester, the present Oneida Lake basin and westward, the 
basin rim running northward from Oneida Lake to Water- 
town; third, the vast sand beds of the Adirondacks derived 
by weathering of the prevailing granitic rocks and laid down 
upon these, modifying the roughness of rock exposure, form- 
ing deep beds upon slopes and valley sides and having been 
subject to erosion and glacial action— formation of sand 
eskers, etc. The sand deltas of the Saranac at Plattsburg, 
of the upper Hudson below Glens Falls and of the Black 
River below Carthage were evidently formed by sands trans- 
ported from this great Adirondack source of supply. 

A series of typical eases will be instructive as regards the 
course of vegetation, but this important fact is to be borne 
in mind; namely, that in all of these cases, with the possible 
exception of “‘ The Plains,” we are dealing with a secondary 
and not with a primary vegetation condition so far as regards 
the period of human history in New York. Evidence is 
conclusive to the effect that the sand areas above cited were 
originally occupied with heavy forest. The dominant tree 
of the sand delta areas was white pine. Perhaps also on the 
sands of the Iroquois-Ontario basin, where in addition, oak, 
chestnut and tulip-tree formed a prominent element, being 
in fact more abundant than pine at this time. So also, the 
Adirondacks sands were, and of course where not lumbered 

are still forested. In this case, not white pine chiefly but 
mixed forest and often typical climax forest has developed 
upon sand beds. 

(1) A Sand Flat of the Oneida Lake Basin. 

In the particular site chosen for illustration, the sandy sub- 
stratum lies flat, low and poorly subdrained and _ poorly 
aerated. In wet seasons the water table is near the surface. 
The compact wet soil favors the growth of pioneer forms such 



Photo by W. L. Bray. 

Fic. 27.. Soil section of the sand flat shown in fig. 26. The leached out 
sand layer, the humus-stained layer and the normal sand bed below are 
shown. 

Photo by W. L. Bray. 

Fie. 28. The heath shrub (chiefly blueberry) stage of vegetation on 
Adirondack sand near Lake Clear. The soil section is well shown. The 
forest and its accumulated duff blanket were wholly destroyed. The land 
was probably pastured for a period of years. 
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as blue-green algae and the protonemal phase of mosses. 
Polytrichum readily develops broad, deep mats. See Fig. 26. 
Herbaceous vegetation is developed sparsely between the mats, 
but this condition may not be normal (e. ¢., pasturing may 

have led to its scarcity). Rapidly, however, a heavy shrub 
vegetation invades the flat. This, singularly, is composed 
primarily of leather leaf (Chamaedaphne calyculata (1.) 
Moench.) which makes a vigorous, tall growth. Black choke- 
berry (Aronia melanocarpa (Michx.) Britton) and witherod 

(Viburnum cassinoides LL.) occur sparingly. The pioneer 
forest stage is represented by thickets of white birch (Betula 

popultfolia Marsh) and a smaller amount cf aspen (Populus 
iremuloides Michx.) and occasional large toothed aspen 
(Populus grandidentata Michx.). On higher lying sands 
north of Oneida Lake, a barren, heath-like, sand flat showed 

much Polytrichum, small patches of Sphagnum, reindeer moss 
(Cladonia rangiferina), bracken fern, hard hack (Spiraea 
tomentosa LL.) black chokeberry (Aronia melanocarpa ( Mx.) 

Britton), running swamp blackberry (Rubus hispidus L.) in 
ereat abundance, creeping wintergreen (Gaultheria procum- 
bens IL.) in thick patches, dwarf blueberry (Vaccinium 

angustifolium Ait.) with occasional very young popple birch 
and aspen. 

Of course the comment thrusts itself forward here as to the 
presence in this heath-like situation of bog and swamp plants. 
Part of the year, the ground is water soaked. It is always 
poorly aerated and evidently strongly acid (not determined 
by actual test) but during midsummer and fall the soil is 
subject to drying out as is usually the ease with sand. This 
comment will recur in connection with other illustrations 
of sand vegetation. 

(2). “The Plains” of the Upper Oswegatchie. 

This is one of the so-called treeless sand plains of the 
Adirondacks, differing from the general run of sand deposits 
in the fact of being put down in the flat, compact delta form 
as in the Carthage and Plattsburg areas. It appears to be a 
true sand delta and this fact goes far to explain the differ- 
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ence between this and the surrounding Adirondack country, 
from which both as to topography and vegetation cover it 
stands out as a unique feature — one of the points to be 
visited. 

Borings show from two to three feet of compact, fine sand 

evidently offering poor aeration. Below, the deposit is 
darker, coarser and full of coarser grit. The water table is 
normally several feet below the surface, but the area has the 
aspect of wet lowlands, and during a rainy season is in effect 
like an area of water soaked soils. But, as in other sand 

areas, it 1s subject to extremes of drouth. 
The vegetation reflects these conditions. It is not known 

whether ‘‘The Plains” were ever forested though quite 
likely they supported pine forest in an early day. At the 
present it is virtually a heath barren in process of being 
invaded by conifers, and strangely enough the dominant in- 
rading species is tamarack. Growth studies show that this 
invasion began some thirty years ago and that the tamarack 
has made a rapid and symmetrical growth. Black spruce has 
become established in certain spots and exhibits an inter- 
esting and vigorous phase of reproduction by layering. 
This tamarack invasion is closing in on all sides and has 
in considerable measure broken up the heath formation. But 
some scores of acres are open heath. The ground-cover 
shows patches of grassland, small shrub, large shrub and the 
invading forest. wo prominent grasses are wet land spe- 
cles, viz. purple wild oat (Avena Torreyt Nash), and moun- 
tain rice (Oryzopsis asperifolia Michx.). Numerous annuals 
are associated with these and scattered through the heath- 
shrub, notably composites; for example, Canadian golden 
rod (Solidago canadensis L.), swamp golden rod (S. wligi- 
nosta Nutt.) and tall flat-top, white aster (Doellingeria 
(Aster) umbellata (Mill.) Nees). Two species of ladies’- 

tresses orchid occur among the grasses and composites, thus 
further emphasizing the marsh-meadow character of the 
vegetation. 

The small shrub vegetation which, on the whole, is domin- 
ant, comprises Vaccinium canadense, angustifolium and 
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Photo by W. L. Bray. 

Fie. 29. A part of ‘‘ The Plains” of the upper Oswegatchie near Dobson’s 
Camp. Photographed in October when lichens and Polytrichum form almost 
a complete ground cover in places. Invading tamarack is shown. 

a 

Photo by W. L. Bray. 

Fra. 30. “ The Plains ” as in fig. 29, but showing much heath-shrub and the 
invading tamarack. Heavy lichen cover in foreground. 
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vacillans, in broken or pure stands, blue honeysuckle (Lont- 

cera coerulea L.) in compact clusters scattered over the 
plain, Aronia melanocarpa (Michx.) Britton, and Spiraea 
latifolia (Ait.) Borgh., both very abundant. 

The large shrubs comprise Viburnum cassinoides L.., 
Aronia arbutifolia. (1.) Ell, and choke cherry (called 
Prunus Virginiana in Gray’s Manual, seventh edition). 

As further emphasizing the hydrophytic aspects of the 
vegetation, should be noted the abundant occurrence of 
creeping blackberry, Rubus hispidus L. (possibly rightly 
ealled Rubus nigricans Rydb.). On the other hand, the 
heath-barren aspect is most strikingly emphasized by the 
great abundance and sometimes (notably in the late fall) 
dominance of Polytrichwm and lichens (Cladonia rangifer- 
ina, alpestris and pyxidata). See Fig. 29. 

This association of swamp and bog species with typical 
members of sand barren vegetation, together with the sur- 
prising invasion of vigorous tamarack and some black spruce 
presents, in a conveniently small area, an inviting subject for 
more detailed investigation. 

(3) The Plattsburg Sand Barrens. 

This area is evidently a sand delta formed where the 
Saranac River discharged its load of Adirondack sands into 
Lake Champlain at a time when the lake level was notably 
higher than at present. The plain is, in general, flat but 
still with gentle swells and lower wet lands, the latter hav- 
ing the usual deposits of black organic soil (muck). Some 
of the land is under cultivation. Practically all the rest is 
subject to pasturage so that we really have a secondary veg- 
etation trying to establish a plant covering against constant 
interruption, one item of which is the periodic cutting off of 
pitch pine. It is stated on good authority that this plain 
was occupied by white pine forest originally. Mention is 
made by Pringle in his report of 1885 on the forests of New 
York * of white pine shipments made from this vicinity via. 
the St. Lawrence River to Europe. 

1 Pringle, C. G. Report upon the Forests of Northern New York. 
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The full course of vegetation has not been made out, but 
observation seems to indicate that, as would be expected, a 
sparse cover of grasses and sand soil annuals is followed by 
the establishment of a (chiefly heath) shrub association which 
strongly persists during the open stand stage of pitch pine 
and is finally thinned out by the closing in of a closer forest 
cover. See Fig. 33. 

The composition of different stages of this sand vegeta- 
tion is given in the following lists of species taken about the 
first of September. 

(a) Prairie aspect. 

Sparse grasses and 
sedges, not deter- 
mined. 

Bracken =(Pteridium aquilinum (L.) Kuhn). 

Ground Pine =(Lycopodium tristachyum Pursh). 
Rare. 

(Viola subvestita Greene). 
(Lechea Leggettu Brit. & Holl.). 
(Crocanthemum (Helianthemum) . 
Canadense (l.) Britton.) . 

Sand violet 
Pin Weed 

Frost weed II UL Al 

Silvery cinquefoil —=(Potentilla argentea I..). 

Savory leaved aster = (Jonactis linariifolius (1.) Greene.) . 
Pale golden rod = (Solidago bicolor L.). 

(b) Heath-shrub. 

Sweet fern —=(Comptonia peregrina (L.) Coul- 
ter). Pure stands. 

Black chokeberry —=(Aronia melanocarpa (Mx.). Brit- 
ton). 

Appalachian cherry =(Prunus cuneata Raf.). Common 
on sand. 

New Jersey tea —=(Ceanothus americanus L.). 
Creeping wintergreen —=(Gaultheria procumbens L.). 
Bear berry —=(Uva-Ursa (Arctostaphylos) Uva- 

Ursi (L.) Britton). 
Black huckleberry —=(Gaylussacia baccata (Wang.) K. 

Koch). Abundant. 
Sheep laurel = Kalmia angustifolia L.). 
New Jersey blueberry —Vaccinium caesariense McKenzie). 

GQr 
Dwarf blueberry = Vaccinium angustifolium Ait.). 

Common. 
Blue huckleberry —Vaccinium vacillans Kalm). Pure 

stands. 
Pitch pine = (Pinus rigida Mill.). In open stand. 



Fic. 31. A view of “ The Plains’ near Dobson’s which shows pure heath- 
shrub, occasional clumps of high-shrub, and the invading tamarack. 

\ 

Photo by W. L. Bray. 

Fie. 32. Heath-shrub and scrub-oak in an open stand of pitch pine on 
the Hudson-Mohawk sand plain near Schenectady. 
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White birch and aspen are frequent, but not in the open 
pine stand. 

(c) Pitch pine in pure stands with sparse forest floor 
species. 

(4) The Hudson-Mohawk Pine Barrens. 

This sand delta region is crossed by the New York Cen- 
tral and the Interurban railways between Albany and Sche- 
nectady. ‘The occurrence of sweet fern, white birch, aspen 
and pitch pine southward from Gansevoort will indicate the 
occurrence of the Upper Hudson sand delta. 

In general, the striking aspect here is the occurrence of 
pitch pine on the better drained land, sand knolls, ridges, 
ete., and of the American white birch (popple birch) on the 
flat or more poorly drained soils, extending here as often 
noted elsewhere into swampy places. A sand ridge showed 
an almost pure stand of large toothed aspen (Populus grandt- 
dentata Michx.) <A dry depression adjacent showed a char- 
acteristic patch of broom beard-grass (Schizachyrium scopar- 
tum (Mx.) Nash). Sweet fern, blue huckleber ry, New Jersey 
tea and some other shrubs occur very much as at Plattsburg. 
Two scrub oaks not found at Plattsburg are part of the elicaul 
vegetation here; viz., dwarf chestnut oak (Quercus prinoides 
Wild.) and bear oak (Quercus dicifolia Wang). 

(5) Sand Beds of the Syracuse, Phoenix and Rochester 
Districts. 

On the whole, these sands appear to offer better drained 
and aerated soil than types hitherto considered. Perhaps this 
fact, together with more intensive cultivation, will account 
for the general absence of heath-shrub vegetation. Also their 
“warmth” (growing out of better drainage and aeration) 
together with the fact that they le in a region of ameliorated 
climate (Zone B of low elevation and under lake influence) 
will no doubt account for the feature which it is desired to 
emphasize in this connection ; namely, the occurrence of heavy 
growth of chestnut, oaks, hickory and tulip-tree. The finest 
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bit of chestnut forest that I have seen in New York grows 
upon these sand beds near Phoenix. Fig. 34. It is claimed 
that in certain districts the farmers realize more Income 

from the sale of chestnuts than from all other farm products. 

(6) The Sand Beds of the Adirondacks. 

The general thought will be, not that the sand deposits of 
the Adirondacks are a dry or barren terrain, but a great fac- 
tor in forest production. This is very obviously the case and 
just on that account it is of moment that we should consider 
what is involved in the ruthless destruction of such a forest 
cover and especially its supporting blanket of duff, by lum- 
bering methods which involve not only breaking up the for- 
est stand but burning over subsequently. It means, then, the 
long story of beginning again the building up a forest soil — 
a process involving too long a period to be practicable for the 
private owner. Naturally, more is involved here than the de- 
velopment of vegetation on sand, for there is much bare rock 
exposure, slopes covered with boulders, soils of clay and other 
debris than sand, but so far as the sand is concerned the course 
of forest re-establishment involves a pioneer stage of mosses 
(Polytrichum largely) and of grasses, composites, etc.; of 
vast patches of bracken fern and in many eases the establish- 
ment of heath-shrubs (blueberry patches) or as on other soils, 
the thickets of red raspberry (Rubus strigosus Michx.) Fig. 
46, and the customary forest weed stage of aspen (Populus 
tremuloides Michx.) fire cherry (Prunus pennsylvanica. U.. 
f.) large toothed aspen (Populus grandidentata Michx.) and 
seedlings of the climax forest. In my observation, which for 
a final judgment is quite insufficient, the percentage of white 
pine seedlings or those of birch, maple, red spruce, ete., is not 
large enough to give any lively hope of rapid establishment of 
a stand capable of developing commercially valuable forest. 
As in all other cases cited, white pine tends to become domi- 
nant, or was the original dominant species on the looser, drier 
sand beds (I take the instance of heavy pine stands on the 
high ridges about Big Shallow and Little Shallow ponds in 
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Herkimer county as confirmation of this) but certainly in 
situations favoring retention of moisture near the soil sur- 
face, though still with aeration, a mixed forest of pine, red 
spruce, hemlock and of yellow birch, red maple, sugar maple 
and beech, develops on sand beds. Thus, for example, along 
Cranberry Lake inlet a road cut through mixed climax for- 
est of the above composition exposes beds of deep sand. 

The condition of the soil cover as brought about by the for- 
est’s activity is the focal point for our present consideration. 
The qualities of this deserve thorough study. A, typical sec- 
tion taken under forest cover (and in a measure also unde1 
heath shrub cover) shows: 

(a) Undecomposed forest litter varying, of course, with 
the forest stand. 

(b) A layer of greater or less thickness of partially de- 
composed forest litter, duff, approaching the condition of leaf 
mold under hardwoods. 

(c) A layer of leached out, gray sand three to five inches 
thick. 

(d) A thicker zone of black soil, the humus leachings 

caught by the sand underlying the leached-out one of gray 
sand. 

(e) The characteristic slightly orange yellow sands of the 
underlying bed. Figs. 27, 28. 

Whatever may be the chemical nature and food supplying 
power of this modified covering of the sand, there is no 
gain saying that it brings about a radical change in the 
moisture relation and as a consequence we have not a xero- 
phytic but a mesophytie condition which last is correlated 
with climax forest. But it is also certain that a great deal 
of potential energy has been added to the normally rather 
barren sand.* 

Now the sand of the lands denuded of the former white 
pine stand have no such blanket. Of course, a body of organic 

1 Russell, E. J. Soil conditions and Plant growth; 1915, p. 53. 



154 College of Forestry. 

debris is put down by the heath-shrub and the open pine stand 
but apparently it is so thoroughly broken up by decomposition 
organisms that as in soils of arid regions, the accumulation 
of characteristically black or brown humus material is not 
noteworthy. In any event such soils are to be regarded only 
as temporarily barrens. In any scheme for making them pro- 
ductive in the long run it is my opinion that a forest growth 
would be the most effective, but on the other hand 
intensive cultivation — truck and small fruit farming — has 
been shown to be profitable on certain of the sandy soils — 
e. @., the Syracuse area. Recalling the experience of farmers 
in the sandy area east of Phoenix, where it is stated that the 
sale of chestnuts yields a larger return than from all other 
farming operations, emphasis was earlier put upon the fine 
quality of trees grown on this soil. Viewing the matter from 
the farm-yield side, it may be said that the experience simply 
demonstrates the unfitness of these sands for ordinary farm- 
ing because of both lack of fertility and of moisture holding 
capacity. 

General Relations of the Sand Barren Vegetation. 

Ecologically considered —1i. e., as a stage of vegetation or 
association of plants adapted to certain prevailing xerophytie 
soil conditions — the pine barrens of Suffolk County, Long 
Island, appear to be identical with the Mohawk, Plattsburg 
and Carthage barrens. Indeed the dominant species are the 
same or equivalent, notably pitch pine, sweet fern, heath- 
shrubs, ete. A, closer floristic comparison would no doubt 
show first, more species common to all, second, that the floris- 
tic differences are correlated with zonal differences. Thus, 
dwarf chestnut oak (Quercus prinoides Willd.) and bear oak 
(Quercus ilicifolia Wang.) which I did not find at Platts- 
burg are abundant in the Albany barrens and again in the 
Suffolk County barrens. It is only a step further, then, to 
suggest that the same ecological relation and a correspond- 
ingly differing floristic (zonal) relation exists between all 
these areas and the pine barrens of New Jersey. 



Photo by W. L. Bray. 

Fic. 35. Heavy bracken ground cover under and among paper birch on 
beach sands of Upper Saranac Lake. 

+ 

Photo by H. P. Baker 

Fie. 36. Climax forest of type in Zone D, Adirondacks. Typical ground, 
cover here largely witch-hobble and American shield-fern. 
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Thus we have a further illustration (noted already in case 
of bog formation) of the tendency of identical edaphic condi- 
tions to choose — if an environment may be said to choose — 
or control the selection of identical ecological vegetation units. 
Just what the edaphic factors are and how they operate (1. e. 
whether it is water deficit, lack of available food, acid re- 
action, or all these that determine the xerophytic aspect of the 
vegetation) should be determined by further comparative 
studies. In this connection, the existence of this vegetation 
type on barren mountain tops and slopes suggests that at any 

rate it 1s not a question of deep sand beds. Thus, what ap- 
pears to be the ecological equivalent of the coastal and delta 
pine barrens occurs on the summit of the Shawungunk 
Mountains’ where pitch pine, dwarf chestnut oak, heath 
shrub and other elements of the pine barren flora, indicate the 
pine barrens type of vegetation. ‘The conditions prevailing 
on the Oneida Lake sand flat where Polytrichwm and leather 
leaf are dominant and on “ The Plains ” where lichens and 
Polytrichum constitute (in October) the chief ground cover, 
suggest an interesting comparison with the pine barren and 
heath formations of northern Germany.’ 

The Resemblance Between Heath-Bog and Pine Barrens 

Vegetation. 

In the list of plants which have been given as indicative of, 
or the controlling elements in bog and sand barren vegetation 
it has come out that some of the very striking species occur in 
both situations. Thus, leather leaf (Chamaedaphne caly- 
culata which is the main species of the heath shrub cover of 
the Phoenix bog is also equally abundant on the Oneida Lake 
sand flat. It is reported also among the sand barren group of 

1 Britton, N. L., Bull. Torr. Bot. Club., XI:125, and XIV:187. Harsh- 
berger, J. W. Phytoeogr. Surv. of No. Amer., p. 475. 

2Graebner, Paul, Allgemeine Pflanzengeographic, 1910, p. 277, says 
that the vegetation of ‘ niihrstoffarmen Siinde”’ may be sparse grasses 
or dwarf (heath) shrubs, but the “ hauptrolle” is played by Polytric- 
hum piliferum, Rhacomitrium and lichens, especially Cladonia species. 
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species on Shawungunk Mountains. Sheep laurel (Aalmia 
angustifolia) a typical bog plant, occurs on the sand barrens 
at Plattsburgh and Albany. So with black chokeberry 
(Aronia melanocarpa) swamp golden rod (Solidago uligin- 
osd) running swamp blackberry (Rubus hispidus) and others. 

These facts of distribution seem to point to a similarity of 
conditions as respects the soil factors in bogs and sand bar- 
rens, particularly where the sands lie compact and poorly 
drained. In this connection I would express the conviction 
that the tendency toward bog formation is greater in basins 
which lie in sand regions (e. g. Phoenix bog, Bean pond) 
than in those lying in regions of clay, silt, fine gravelly clay, 
ete. 

The water deficit which is taken for granted in sand soils 
seems to have its equivalent in bogs. Schimper * called bogs 
phystologically dry habitats, arguing that some factor or fac- 
tors retarded water absorption by bog plants. The presence 
of bog toxins may operate in this connection. Although the 
former assumption of the presence of ‘“ free humic acids” 
seems no longer applicable, it appears difficult to explain the 
dominance of heath-shrub vegetation in both bogs and sand 
barrens unless we assume the presence of an acid soil or an 
acid-reacting substratum im each case. Possibly the case 
could be explained by the so-called adsorption phenomena 
displayed by Sphagnum, sand soils, kaolin, ete., in which it 
appears that from a certain neutral solution as for example 
sodium cloride, the base is taken up, “ adsorbed,” by the 
Sphagnum, sand, ete., leaving the acid component free to 
show its reaction —as for example on litmus paper.” Re- 
calling the work of Coville (experiments in Blueberry Cul- 
ture, /. c.) in which he demonstrated the presence in heath 
plants (certain species, and inferentially in all of the EHri- 
cales) of mycorhizal fungi, and that these fungi can exist 
only in an acid medium, it appears warranted to use heath- 

ie Ll. ¢., page 2. 
2Harris, J. E. Some adsorption phenomena in soils and kaolin. 

Jour. Physical Chem., 18:No. 4, pp. 355-372. 
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shrubs as indicators of acid conditions (whatever that may 
mean). The tendency toward dominance of heath-shrubs in 

both bogs and in sand barrens is certainly noteworthy, but 
it should be noted that on the whole, species of Hricaceae 
dominate in bogs while Vacciniaceae dominate in sand bar- 
rens although we found Chamaedaphne (leather leaf) very 
abundant in each and lambkill in both. 

General Survey of Xerophytic Succession in New York. 

Considering the State as a glacially prepared terrain, the 
features which would offer habitats with deficiency of water 
supply — or at least periodic deficiency would be,— 

(1) Bare rock surfaces, polished smooth and left uncov- 
ered by glacial till or denuded of such in post-glacial time. 
This includes glacial stream beds (See Fig. 25); rounded, 
dome-like summits of hills and mountains in the Adiron- 
dack region, Catskills, Highlands of the Hudson, ete.; ver- 
tical rock ledges of mountain sides and of deeply cut stream- 
ways. 

(2) Detached rock fragments accumulating on mountain 
slopes — see Catskills — and smooth rounded boulders de- 
posited by the melting ice — notably in moraines. See Figs. 
21 to 24. 

In (1) and (2), rock fissures and the space between bould- 
ers facilitate the development of vegetation by offering a 
lodgment for finer mineral and organic sediment in which 
plants readily gain a foothold. Seepage may cut a figure on 
mountain sides. Indeed a rocky hillside may thus become ~ 
the location of a hydrophytic sequence —e. g. Sphagnum 
is common in such situations in the Adirondacks. 

(3) Sand deposits; dune sand, delta sand, lake shore sand 
and glacially distributed sands of the Adirondack gneissic 
rocks. The development of heath-shrub is notable here. 

(4) Exposed hills and slopes either where rock lies with 
very thin cover of water retaining till (clay, ete.), or till 
having a large percentage of gravel and sand. 
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When you consider the plateau ground work of the State 
with its mountain elevations and extensive dissection by 
stream action and especially the degree to which glacial 
action went in laying down boulders, gravel and sand, the 
conclusion is drawn that, to begin with, the larger portion of 
the State was of a character to compel a xerophytic sequence 
of vegetation. Under present conditions —1i. e., through the 
activities of human agency —a great deal of the Adiron- 
dacks, Catskills, Hudson Highlands, Alleghany plateau, es- 
pecially highlands of southern New York, and the sand areas 
of the Saranac, Mohawk, Hudson and Ontario basins, have 
been thrust back into the earlier stages of vegetation history. 
This has been brought about largely through the destruction 
of the humus blanket or organic cover built up by vegetation. 
It is certainly interesting to observe that despite the preva- 
lence of xerophytic habitats, the action of vegetation had, by 
the beginning of the era of cultural interference, brought 
almost the whole of this territory into a condition of moder- 
ately constant water supply and of heavy, large growth vege- 
tation if not of climax forest. 

THE DEVELOPMENT OF MESOPHYTIC 

VEGETATION.! 

You may have gained the impression by this time that we 
have gotten the situation in our State drawn out of propor- 
tion by dealing with hydrophytic and xerophytic successions 
of vegetation as if they constituted the predominant features 
of New York. You will say, and quite properly, that the 
agricultural and forestal industries of the State constitute 
its great activities and they are founded on the fact that we 

1The words hydrophytic, xerophytic and mesophytiec are commonly 
employed in botanical texts to designate the status of a plant or of 
vegetation with respect to the water supply of the substratum. In 
this caption we might better say “the development of vegetation upon 
a stubstratum having constant, moderate supply of moisture, meaning 
by this a typical field-soil moisture as contrasted with the hydrostatic 
or drip water of water soaked soils. 



Photo by W. L. Bray. 

Fie. 37. Ground cover of American shield-fern (Dryopteris intermedia) 
under climax forest of Zone D (Canadian-Transition) near Cranberry Lake. 

Photo by W. L. Bray. 

Fig. 38. Ground cover of American shield-fern as in fig. 37. Polypody 
on ledge at right. Cranberry Lake. 
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have climatic conditions of rainfall, humidity, ete., and soil 
moisture conditions of a degree to justify expectations of 
luxuriant crop yield, whether of forage, grain, fruit, vegeta- 
bles or forests. You might quote my own statements as to the 
wilderness of forest which originally occupied our State and 
in itself constituted proof of the essentially favorable con- 
ditions for plant growth. Using the special terminology 
which botanists employ, it was predominantly a mesophytic 
forest, i. e. 1t reflected not habitual aridity or recurring 
aridity, not swamp or periodically submerged lands and con- 
stantly water-soaked soils, but a constant water reserve in the 
soil from which a maximum vegetation cover could draw its 
daily needs throughout the growing season. In such condi- 
tions one could count on this constant, but not hydrostatic, 
water supply to produce such types of vegetation as a field 
of corn, cabbage, potatoes, wheat and the like. 

Perhaps the space given to the hydrophytic and the meso- 
phytic successions will be justified if it has helped to show 
how largely vegetation itself has been a factor in producing 
mesophytic conditions. You know that whether water 
be in excess or in deficiency in your field soils is very 
often a matter of keeping up the supply of humus. 
You may so reduce this in your sandy soils or the gravelly 
land or on the hill farms that your crops burn up when the 
rain intervals are a bit strung out. On the other hand, the 
same lack of humus replacement may result in epmpact sour, 
and if rain intervals are crowded, in water-soaked soils. In 
other words, the very thing which vegetation tended largely 
to reduce and which intelligent tillage tends to reduce was 
this fluctuation between extremes. I suppose there was hu- 
mus in some of the glacial till carried over from soils of pre- 
glacial or inter- elacial periods, but certainly the lack of it as a 
blanket such as our great forest vegetation had built up when 
explorers first saw it, would leave much of our glaciated ter- 
rain in the situation of the one extreme or the other. Still 
there was a vast amount of glacial till laid down of a kind and 
in situations to favor a constant moisture supply. This would 
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be the case where a mixture of clay and sand and fine gravel 
made up the deposit lying as some of our valley soils do. 
Our richest farming regions have been developed upon such 
soils. Naturally the demand for soils of this favorable 
moisture relation for farming purposes means that not many 
exist which are not either intensively cultivated or covered 
with climax forest (the carefully preserved woodlots) and 
hence few situations are offered where the natural mesophy- 
tic sequence is observable from the beginning. If we take 
the common ease of an abandoned field there is always asso- 
ciated therewith a condition of aridity which determines a 
tendency toward xerophytic succession. Thus the hill farms 
of southern New York with their cover of moss (Polytrichum 
mats), sparse grasses, daisies, golden rod, field cats-foot (An- 
tennaria neglecta Greene) hawk weed, etc. ; of sweet fern and 
sometimes of blueberries; of shrubs of white birch, aspen, fire 
cherry, sumac, etc.; and finally of seedlings of pine, maple, 
ete., show a relationship to the xerophytic successions (as 
I have here defined them) upon sand and burns (as in the 
Catskills and Adirondacks). 

An abandoned stony field in central New York has been 
under my observation for some twenty years during which 
period essentially the following progress has been made 
toward mesophytic (climax) forest ; (1) dominance of field 
weeds; (2) of sparse grasses — timothy, blue grass and pas- 
ture weeds, orange bos eres ox-eye daisy, 2 olden TOO s(Co)) 
invasion by red raspberry and blackberry, the latter becom- 
ing dominant (a much sought blackberry “ patch”); (4) 
invasion of the blackberry stage by sumac; (5) gradual ap- 
pearance of fire cherry and species from surrounding swamp 
and climax forest (white pine, elm, yellow birch, ash, bass- 
wood, red maple, hemlock, ete.); (6) shading of ground, 
elimination of shrubs, ete., first by the most vigorous invader, 
white pine, and later by broad-leaved trees. In some part of 
the field the forest crown is forming and thus the “old field ” 
stage is passing. During all this period the forest forming 
element has been hindered by berry pickers who have habitu- 
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ally broken down seedling trees and particularly have cut 
white pine seedlings and even young saplings for decoration. 
But even on this arid land the forest is closing in in spite of 
hindrance. On an adjacent field, the site of an old dwelling 
and its surrounding, cleared patch have disappeared under 
a young forest cover where the young saplings are making 
their rapid growth-race for survival and many are already 
starved and falling out. This sort of thing is familiar 
enough to everyone but it may not have been generally ob- 
served that even in the most favored situations a mesophytic 
forest is not a direct and sudden development. The elabor- 
ation or differentiation of the environment by vegetation to 
the point where the complex forest society occupies the site, 
involves a period of history rather like the development of a 
single organism to its mature stage. It is not to be inferred 
here, however, that a field-weed stage or grass and pasture 
weed stage, shrub stage, etc., are regarded as necessarily pre- 
paring or building up the soil for the later coming trees. 
The fact in such case is, that the grass cover may delay and 
doubtless exercise a certain control in the species make-up of 
the young forest by making the establishment of seedlings 
difficult. But in such cases as those cited and generally on 
lands better suited to forest growth than for farming, the 
earlier stages leading up to the mature forest represent vege- 
tation of a certain xerophytic status, for until the forest 
crown closes in and the ground becomes shaded and kept 
moist by the organic debris, the amount of water given off 
from the foliage is large as compared with the quantity which 
the roots can absorb from the soil. See also, under culture 
status of vegetation (p. 181). 

CLIMAX VEGETATION. 

It is hoped that the discussion presented in these pages 
will lead to the conclusion that there has in the course of 
time been worked out a certain complex adjustment as be- 
tween plants and the New York type of environment such 
that we could say of it that it constitutes the normal or bal- 



Bae ete 

Photo by W. L. Bray. 

Fic. 39. Ground cover exclusively Oxalis acetosella in dominantly conifer 

forest at 3500 feet elevation on the ‘‘ Marcy Trail” from upper Ausable 

Lake. This wood sorrel is extremely abundant throughout Zone E in the 

Catskills and Adirondacks. 

Photo by W. L. Bray. 

Fic. 40. A characteristic patch of Lycopodium lucidulum in Zone D climax 

forest of which this club moss is an indicator, so called, because of its great 

abundance and general occurrence throughout the Catskills and Adirondacks. 
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anced or equilibrium stage of our vegetation. According to 
this view, vegetation ceases to be the haphazard covering of 
the land with miscellaneous types of plants; it ceases to be 
the matter-of-course complement of our human welfare and 
becomes an orderly sequence of development somewhat in 
the same sense as the development of a single organism, as a 
tree for example, from the primitive stage of the fertilized 
egg to the fully differentiated body of the mature plant. If 
we should assume this to be an analogy then we should say 
of vegetation as of the developing tree that the general course 
of development has grown to be a fixed habit — the result of 
long environmental experience if you will— and that the 
daily or seasonal play of environment gets its response in the 
particular structure or habits of the organism or of vegeta- 
tion at any given stage of its development. But I do not 
wish to push any such analogy. I merely wish to show the 
force of the idea that vegetation development is a march of 
progress which involves the attainment of a highly advanced 
and relatively stable condition from primitive or pioneer be- 
ginnings. We have viewed this progress both in the large 
(theoretically) and in detail by the study of actual vegeta- 
tion stages. 

i. Review of Development in the Large. 

Geological records bear out these conclusions: 
(1) That before the Glacial epoch, the vegetation of North 

America was composed of essentially the same range of flor- 
istic elements (many species being identical with those of 
the present), of the same diversity of growth forms and the 
same general segregation into zonal relations — especially de- 
ciduous forest, conifer forest and arctic vegetation — as at 
present. 

(2) That the last great ice sheet must have obliterated 
vegetation from the northern half of the continent in eastern 
North America far enough southward to include practically 
the whole of New York State. 
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(3) That species which made up the flora were not all ex- 
terminated, for we have many of them still. 

It is reasonable to assume therefore that these species — 
or many of those which covered the region invaded by glacial 
ice — migrated southward. Personally I like the view that 
the climatic conditions incident to the prevalence of such a 
field of ice so far south of the arctics would be equivalent to 
moving the climatic zones southward and one may imagine 
the zones of vegetation correspondingly pushed southward * 
Thus we may imagine a zone of tundra vegetation fronting 
the glacial margin, the boreal conifers next southward or at 
lower elevations, the Appalachian highland and the zone of 
deciduous forest still southward or below this, and warmer 
climate vegetation correspondingly displaced by the south- 
ward shift of climatic zones. 

I think we must hold to the idea in any event that the 
floristic stock which now composes the essential body of New 
York species lay during the glacial epoch, in the Appalachian 
and adjacent regions to the south of the glaciated territory, 
and it was chiefly from this source that the returning vegeta- 
tion came. 

The course of their return is speculative. Jf one could 
hold to the comfortable theory that we have in all this glacial 
and post-glacial history an oscillation of zones from north to 
south and back, the matter would be for a broad view rela- 
tively simple. Adams * suggests that the northward migra- 
tion following the retreating glacier would comprise three 
great waves of life. First, a wave of glacial or arctic vegeta- 
tion of which we have remnants in New York on Mt. Marcy 
and two or three other high peaks. Second, a wave compris- 

17Tn this connection Chamberlin and Salisbury (Vol. III, p. 531) say: 
“ Following the last ice-retreat the life of each of these sections moved 
northward, each biotic zone, arctic, subaretic, cold-temperate and tem- 
perate expanding as it went. I+ was as though the life-zones were 
elastic bodies which had been compressed to narrow limits about the 
edge of the advancing ice and then recovered their normal breadth as 
the ice pressure was withdrawn.” 

2Adams, C. C.  Post-glacial origin and migrations of the Life of 
Northeastern U. S., Jour. Geog. I, 1902, p. 308 and fcllowing. 
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ing the northernmost tree species (“ stunted willows, birches 
and alders”’) and then the boreal coniferous forest species 
(“spruce, larch, hemlock and pines”). Third, the wave 
embracing temperate zone deciduous forests. Harshberger * 
(p. 203), ete., holds that ‘‘ several waves of plant migration 
may be coud ” (p. 204); namely, glacial vegetation, 
tundra, coniferous forests and, for eastern North America, 
the northward migration of the deciduous forest elements 
from “ the South Eastern center.” (p. 209.) 

With our attention fixed upon the matter of vegetation 
development upon the glaciated terrain of New York, we 
should observe in all this post-glacial migration and adjust- 
ment the sequence of vegetation in progressive adaptation to 
a changing substratum plus a changing climate, being in 
succession prevailingly tundra, boreal conifer forest, and, 
finally, on the whole, deciduous or mixed conifer and decid- 
uous forest of normal climax character based, so far as brief 
human history is concerned, on stable climatic conditions. 
That is the development of what for New York is the normal 
vegetation at its highest stage. 

2. Review of Development in Detail. 

This consisted in the construction of a story of develop- 
ment based on what we find happening in our vegetation to- 
day supported by obvious records of what it has done in the 
recent past. We found here that, viewing the water supply 
as the critical factor of the substratum, neither bare rock 
nor lake bottom (within the limits of sufficient light pene- 
tration) is a complete barrier to vegetation and that, starting 
from even these extremes, the course of events resulted in 
the building up of a substratum which, so far as water con- 
staney is concerned, approached the same (mesophytic) con- 
dition for each, and that finally the same, or approximately 
the same, plant society comes to occupy both situations as 
well as the soils which originally stood at various interme- 

1 Harshberger, J. W. Phytogeographic Survey of North America, 
1911. 
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diate points between the extremes of water deficit and water 
surfeit. 

We have already pointed out (p. 26, that the fixed hab- 
itat relation or static character of the typical higher plant 
entailed the accumulation upon the ground it occupies of 
dead organic stuff, not merely the yearly fall of leaves, 
branches, fruits, ete., but the bodies of great trees and of 
generation after generation of whatever growth forms make 
up vegetation. Such accumulations constitute on the one 
hand a great supply of potential energy, but on the other a 
ereat menace that by their continued piling up they will 
make the site unhabitable. It seems to me that perhaps next 
to the wonderful photosynthetic power of plants, the manner 
in which this menace has been made a source of energy for 
further plant production is the most noteworthy. It looks 
as if the whole course of vegetation development as we have 
followed it tended toward the stage when this supply of 
potential energy should be made to yield actual productive 
energy, and that when this point is reached we have the pos- 
sibility of producing not only the maximum plant growth 
upon the land but also the support of the most highly differ- 
entiated plant society. In our climate the natural vegetation 
in which these conditions are realized is the climax forest. 
In cultivated vegetation the maximum crop yield is realized 
when, other things equal, the highest energy yield of the soil 
is maintained. As to what this energy is and how it may be 
freed, we are learning by experience and research, but cer- 
tainly a study of the behavior of native vegetation will also 
teach us. 

Characteristics of a Climax Forest Society. 

In a climax forest then, we have a number of environ- 
mental conditions and plant relations which may be best ap- 
preciated by stating them serially: 

(1) As to the soil: 
(a) It is mechanically affected by the penetration of the 

great roots of the dominating forest trees. 
(b) It is well drained and well aerated. 



: : > 

Photo by W. L. Bray. 

Fie. 41. Ground cover of bunchberry and yellow clintonia at Hoel Pond, 
indicators of boreal forest Zones D and jE. 

Photo by W. L. Bray. 

Fic. 42. Climax forest ground cover chiefly of witch hobble, Hoel Pond. 
This shrub is one of the indicators of the Canadian-Transition forest, Zone D. 



170 College of Forestry 

(c) It is densely populated by living organisms — nota- 
bly fungi and bacteria — whose activity — especially of the 
bacteria — reduces the potential energy of dead organic stuff 
to productive energy (soluble nitrogen, etc.) and thus renders 
a fundamental service to the forest community both as to the 
food supply and by removing the menace of accumulating 
dead organisms. 

(f) It is, therefore, rich in available soil nutrients. 
(¢) It is a sanitary soil in respect to being a “ healthy ” 

environment for bacteria, forest-soil fungi and for the roots 
and other imbedded living parts of higher plants. 

(2) As to growth forms: 
The climax forest is composed of a more highly differen- 

tiated association of adaptation forms or growth forms than 
any other plant society in our area. Without attempting to 
reduce these to a technical classification* we may list as some- 
what on a previous page such “ working units” as broad- 
leaved deciduous tree, evergreen needle-leaved tree, shrub 
types, plants with perennial woody roots and annual stems, 
forms of various degrees of stem-support requirement 
(sprawlers, climbers, twiners, ete.) ; monocotyledonous and 
dicotyledonous annuals, and perennial or renascent herbs 
(by bulbs, corms, rootstocks, rhizomes, etc.; here the great 
bulk of “spring wild flowers’) ; various ferns perennial by 
root stocks or elongated rhizomes ; club-mosses, notably Lyco- 
podium luctidulum. We may regard as growth forms in this 
connection mosses of erect and creeping habit, leafy and 
thalloid liverworts, the different types of lichens (crustose, 
foliose, fruticose) and fungi, at least so far as concerns the 
fruiting bodies —mushrooms and other fleshy fungi and 
woody fungi (bracket forming, etc.). 

(3) As to growth relations: 
The diverse relations which different growth forms occupy 

in the complex forest society is right impressive. We have to 

1 Taylor, Norman. The growth forms of the flora of New York and 
Vicinity. Amer. Jour, Bot. 2:23-31, January, 1915. Further refer- 
ences to the literature on growth forms may be found in this citation. 
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consider primarily the dominating forms, i. e., the trees with 
direct light exposure whose crown canopy is the chief factor 
in bringing about the differentiated light relations of the for- 
est environment and in creating special atmospheric condi- 
tions (still, moist, cool air, reduced evaporation from the 
forest floor, disposition of rainfall, ete.) —items not pe- 
culiar, of course, to climax forest. A train of consequences 
follows the shutting off of direct light by the forest crown: 
in degrees of shade tolerance from the subordinate trees 
down to the members of the lowest stratum (mosses, liver- 
worts, etc.) ; in habit, rate and form of growth of stems, size 
and structure of leaves, time of flowering, leafing, fruit 
ripening, seed dispersal, ete. The distribution of roots with 
respect to utilization of soil moisture and soil nutrients by 
the various associates of the forest may be considered as a 
noteworthy item under growth relations. Perhaps here, also, 
may be mentioned the forest floor species —trilliums and 
other liliaceze, Jack-in-the-pulpit, wild ginger, pepper root, 
squirrel corn and the whole list of forest favorites whose per- 
ennial parts lie imbedded in the leaf mold or duff blanket and 
find therein congenial soil for vegetative propagation. The 
mat forming habits of mosses express features of growth 
relation of significance for the forest community (e. g. in 
the taking up and retention of moisture). The réle of bac- 
teria, forest soil fungi and wood destroying fungi has already 
been emphasized in connection with the removal of the men- 
ace of accumulating dead members or parts of the forest 
community and the transformation of these into available 
productive energy. This, of course, expresses most signifi- 
eant growth relations (notably saprophytism). Again, the 
phenomena of parasitism of fungi in general, but notably 
such eases as beech drops and broom rapes parasitic on the 
roots of forest trees. Finally, as perhaps the most unique 
aspect of growth relations, significant too in its social bear- 
ing, should be mentioned the phenomena of symbiosis as be- 
tween fungi and the roots of forest trees (mycorhiza, my- 
cosymbiosis), which is shown to be of rather general occur- 



Photo by W. L. Bray. 

Fic. 43. Bare polished granitic rock from which the “ duff blanket ”’ was 
burned by the Long Lake West fire of 1908. The moss-mat (Polytrichum) 
stage is making some progress in covering again this dificult type of substratum. 
The old stumps give some idea of the thickness of duff,burned away. 

Photo by W. L. Bray. 

Fia. 44. View of a detail of the Long Lake West burn and the moss-mat 
stage of recovery. Some grasses and herbaceous annuals coming in. Also 
the aspen-fire cherry stage. The space beneath the buttresses of the stump 
indicates the depth of the duff_blanket destroyed. 
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rence (on beech, birches, pine, hemlock, ete.). In this case 
the fungus sympiont is supposed to play a role in making 
available for forest trees the non-available nitrogen of the 
still unreduced organic debris of forest soil (forest duff). 
The logical outcome of this relation would appear to be 
reached in such a ease as that of the waxy-white Indian pipe, 
whose whole nutrition economy (lack of chlorophyll, lack of 
normal branching and absorbing root system) has been re- 
versed, as it would seem, so that one might regard it as para- 
sitie on its fungus inhabitant. You will regard this state- 
ment, however, not as having any scientific status but rather 
as a manner of comment designed to call into relief phenom- 
ena which emphasize not merely the complex relations exist- 
ing in climax forest but the interdependence of members of 
this association, or as one may say, social organization. 

As a final comment on this subject of climax forest, it may 
be repeated that the stability or equilibrium of this stage of 
vegetation hinges upon the combination of factors which g0 
toward maintaining a stable condition of the soil against the 

menace of an indefinite accumulation of dead organisms 
which brings into focus again one of the main problems 
worked out in the history of vegetation. 

THE STATUS OF NEW YORK VEGETATION 
UNDER CULTURAL CONDITIONS. 

The fact that so much space has been given to the presen- 
tation of the geographic relations of the mative vegetation of 
New York should not be taken as ground for concluding that 
in the eyes of a botanist the native vegetation is at present 
the matter of greatest consequence to us in an economie sense. 
The point of view has been that the “ genius” of our vegeta- 
tion, when we come to appreciate it fully, will furnish essen- 
tial knowledge and suggestions for the adoption of a rational 
philosophy as to the conservation and further development of 
the plant producing power of the land as well as for the util- 
ization of those features which contribute to the enjoyment 
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and stimulation of the mind and the health and vigor of the 
body. 
We come now to remark that the greatest thing which 

we face at the present moment is the accumulated effects 
of three hundred years of invasion of this terrain by 
civilized man. By this I do not mean a survey of° all 
that man has accomplished, but the effects upon the 
vegetation itself and upon the land which it occupied and 
in some measure still occupies. ‘This is not to be assumed to 
be a statement which would detract from the pride and com- 
placency with which we are want to view the great 
things accomplished by man in working out his civiliza- 
tion in this new land. But now that a day of conscien- 
tious taking of stock has come, and we are engaged in advo- 
cating a future policy in harmony with present scientific 
knowledge and social conscience, I think we are pretty gener- 
ally agreed that our resources so far as they were expressed 
in forest and especially in the plant producing capacity of the 
land have on the whole been rather badly handled. We are 
forced to this conclusion when we observe how large a per- 
centage of our land is not at the present producing anything 
of value or at any rate a reasonable return, and worse, not in 
a position to become productive land in any adequate sense. 
One recalls in this connection the depressing landscape of 
eut over and burned over lands in the Adirondacks and Cat- 
skills, the waste, scrub-timbered hill lands of the Alleghany 
Plateau and the Hudson Highlands, the poor pastures and 
run down farms of hill lands and swamp lands yielding no 
good forest and still undrained for crop yield. 

The fact is, we are right at the point of appraising our 
lands and of making a classification and allotment with re- 
spect to their permanent productive capacity whether as farm 
lands or as forest producing lands with the added function 
of protection of soil cover, water storage and run off and of 

preserving the natural loveliness of the state and its facilities 
for recreation. By ‘“ we” I mean not only all of us as citi- 
zens of New York State but the private land owner also who 

2 



Photo by W. L. Bray. 

Fic. 45. The aspen-fire cherry stage of vegetation seven years after the 
Long Lake West fire. The foreground shows grass sod formed on raw forest 
duff and sand after clearing and trampling by stock. A dairy farm with 
clover fields, etc., has been established near this. 

Photo by W. L. Bray. 

Fic. 46. The red raspberry thicket stage of vegetation following logging 
and burning of climax forest in the Adirondacks. (Cranberry Lake Inlet.) 
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in his individual interest cannot remain wholly unimpressed 
by the force of public opinion and by the more rational sense 
ot obligation and opportunity. But no doubt a good deal of 
our land has been reduced to so low a state of productive 
value or ability to regain this, that its restoration to a pro- 
ductive capacity can take place only by combined effort either 
of all the people of the State or by different communities or 
associations over the State. ‘There are agencies enough if 
well organized and effectively put in operation to work quite 
revolutionary changes in the plant producing power of the 
land. To be counted among these agencies are: the small 
land owner who wants to utilize all the available knowl- 
edge there is, based on experience and investigation, in the 
handling of low-priced hill lands to get fair return on his 
investment — especially of labor — in field crops or pasture 
or timber and perhaps a well balanced arrangement of all 
three; the large owner of timberlands who believes that pres- 
ent knowledge and economic conditions warrant him in 
undertaking to keep his lands permanently at work yielding 
timber, and the vegetation cover effective in increasing the 
yield power of his land as well as its protective value for 
water supply; the societies that have aims of social service 
such as the preservation of wild flowers, or natural scenery or 
the reservation of recreation parks, or camping sites for peo- 
ple generally; the clubs which aim to promote outdoor life 
and the sports of fishing and hunting; and finally, the appli- 
cation of the already effective State policy in these connec- 
tions, whether through its special Commission or through its 
technical institutions of instruction and investigation. 

In this land allotment or classification with regard to its 
capacity to produce farm crops, or a forest cover and timber 
crops, previous experience and financial returns should be a 
euide, but these items will not always furnish a basis for 
final judgment as to whether any given tract is better for the 
one thing or the other. Hill farms may have been aban- 
doned as not yielding a return by methods practiced, while 
another system of farming might make them pay — particu- 
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larly as adjuncts to valley farm lands. This is not a plan to 
restrict the area of farm lands unless these lands can be 
shown to yield a larger prospective return in the long run in 
forest growth. In forming such a judgment one needs to be 
reinforced by a knowledge of soil conditions and of the prog- 
egress and results of the development of a forest cover. In 
fact this whole important matter of policy and its specific 

application is a field in which the knowledge of the soil spe- 
cialist, the forester, the botanist and other specialists may 
be profitably applied.and indeed is being applied extensively 
already. 

Taking a broad view of the State, then, as to the status of 
“man’s invasion of the land,” the native vegetation is 
searcely unmodified over any considerable area, but the vigor 
of its persistence and tendency to reéstablish itself is visible 
everywhere, and constitutes a force that must be reckoned 
with in so far as this vigor tends toward the invasion of valu- 
able farm lands (as for example in the invasion of pasture 
lands by shrubs, ete., and in the growth of forest weed-trees 
instead of desirable species on hill lands and in swamps or 
wet lands). On the other hand, this vigor of asserting itself 
on the part of our native vegetation constitutes one of the 
“forees of nature”? which may be controlled and utilized 
for productive purposes. Still more serious is the extent to 
which the character of the soil itself has been changed by 
human interference. Of course a lot of it has been put into 
a condition of permanent agriculture and this constitutes the 
largest resource of all, being indicated by the agreeable out- 
look of well kept fields and pastures and quite generally ot 
fairly well tended woodlots and the prosperous look of farm 
buildings and surroundings. But over a discouraging pro- 
portion of the State, the soil has been reduced by the human 
factor to a condition of unproductive yield expressed in 
heath shrub, ferns and moss mats, sweet fern, sumac and 
thorn shrub, aspen and fire cherry and white birch, dwarf 
juniper, bracken and pasture weeds. Certain cases may be 
specified more in detail. 



By permission of U. 8. Dept. of Agriculture. 

Fic. 47. Depleted pasture land of a hill farm in Chenango County, N. Y. 
The mats of moss ( Polytrichum) suggest the beginning of heath-like vegetation 
of certain sand barrens. The soil no doubt shows acid reaction. 

= 

Fig. 48. A hill-land pasture invaded by ferns, chiefly hay-scented fern. 
| This is a common aspect following removal of the forest cover and the deteriora- 
tion of the soil through farming or pasturing. 
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1. The Hill Lands of the Alleghany Plateau. 

In this case the value and effectiveness of the forest cover 
have been reduced to the non-interest paying stage by de- 
structive lumbering and in many cases where hill lands are 
or were farmed by equally “ destructive” farming. By 
this I mean that the methods pursued were of a kind to de- 
preciate the crop yielding power of the land. In the first 
place, if it is a question of leaving cut-over lands to return 
to forest conditions, the sequence of vegetation — grasses and 
annuals, briars and shrubs, sprout growth and forest tree 
“ weeds ” (i. e., undesirable trees )— involves a long stage of 
development during which no returns may be harvested and 
therefore the present generation can make only the meager 
profit of forage pasturing and perhaps of fuel, depending 
upon how closely the land was lumbered. In the second 
place, farming operations, of course, broke up and mostly 
destroyed the blanket of organic soil built up by the preced- 
ing forest growth. With the removal of this humus form- 
ing and energy giving cover, the structure of the soil was 
changed until it has become deficient in aeration and drain- 
age and no doubt in healthy soil organisms — nitrifying bac- 
teria notably — and so is in fact or in effect a sour soil. The 
vegetation stages reflect this, notably in the formation of ex- 
tensive moss mats (of Polytrichum chiefly) fern thickets 
(sometimes pure stands of hay-scented fern (Dennstaedttia 
punctilobula) and acres of sweet fern (Comptonia perigrina) 
(Figs. 47 and 48). This would suggest a reversion to a 
xerophytic or heath-like stage (though the particular fern- 
growth cited would also indicate hillside seepage). 

2. The Highlands of the Hudson, ete. 

On the whole my impression as to the status not only of 
the “ Highlands ” proper but of hill-lands along the Hudson 
generally — Westchester hills, ete.—is that the protective 
effects of forest cover — the organic soil blanket — have been 
so far degraded that the vegetation shows an undesirably 
strong tendency toward xerophytism. The frequence of 



By permisson of U. 8. Dept. of Agriculture. 

Fig. 49. A hill farm on which a heath-like vezetation — largely sweet 
fern — is invading the grassland stage. It is in such cases that the soil structure 
has become degraded. 

By permission of U. 8S. Dept. of Agriculture. 

Fie. 50. Pasture land in southern New York reverting to forest. The 
grassland is being invaded by ferns, small shrubs and the advance guard of 
forest trees. 

i ee 
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heath shrubs (e. g. Vaccinium vacillans), New Jersey tea 
(Ceanothus americana), braken fern (Pteridium aquili- 
num), ete., in forest stands or woodlands seems to indicate 
this, as do the barren ridges of red cedar, broom beard-grass 
and white birch and even the general dominance of rock- 
chestnut oak and of sprout chestnut growth, e. g., on Inter- 
state Palisades Park lands. It seems pertinent in this con- 
nection to remark that the dominance of oak is so frequently 
associated with edaphic conditions which promote aridity, 
that our conclusions as to the climatic relations of the oak- 
chestnut-hickory type must be somewhat modified by this 
consideration. 

3. Lumbered and Burned-over Lands of the Adtrondacks. 

In this great natural forest region which is also our 
chief recreation ground, the effects of the “era of eiviliza- 
tion” are seen in their most unfortunate aspects. The ef- 
fect of our policy of harvesting the timber crop has been to 
throw the land back to an arid condition where the construc- 
tive work of forest growth has all to be gone over again. 
Nearly all this unfortunate acreage of cut and burned-over 
land is simply a forest weed patch so far as desirable timber 
is concerned. We have already considered briefly the gen- 
eral course of vegetation following lumbering and fire, par- 
ticularly on sandy soils. But there is worse than the arid 
sand. Every observant traveler through the Adirondacks 
has noted —no doubt with poignant regret —the more or 
less continuous horizon of bare rock. This we have at- 
tempted to show, stands as the extreme of aridity. Also we 
know the slow, if inevitable, process by which vegetation 
again covers most even of this difficult terrain. A good deal 
of the organic stuff — forest duff — is left after fire, but in 
a condition such that it becomes dust dry during drought 
periods. Thus practically all such lands are in this condi- 
tion; namely, that the soil water supply too readily falls to a 
point where the amount which the root system can absorb is 
too small compared with the amount which the foliage gives 
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off into the air to permit more than a dry land or xerophytic 
vegetation or at any rate a more tolerant vegetation than the 
associated species of the climax forest." 

I take it that this condition of the moisture relation ac- 
counts quite as much for the success of Polytrichum, bracken 
fern, blueberry patches, raspberry thicket and the forest- 
weed species of aspen, fire cherry and white birch as the fac- 
tor of soil acidity or the earlier seeding by these species 
rather than maple, beech, yellow birch, hemlock and white 
pine. 

Tn all these cases the practice of afforestation by planting 
will have to take account of this essentially more arid condi- 
tion of the land than prevails in the natural habitat of some 
or most of the species which it is sought to plant. The nat- 
ural sequence of vegetation upon such lands or in any case 
leading to climax forest may prove to be a most useful sug- 
gestion to the forester. 

There grows out of all this also the obvious suggestion that 
a lot of questions have arisen which can be solved only by 
scientifically conducted investigations. 

Conclusion. 

It will have become obvious to anyone who has read any 
considerable portion of this bulletin that it represents the 
method of the teacher rather than the output of an investi- 
gator. ‘The bulletin will in fact have accomplished its pur- 
pose if it proves effective in leading the reader to take a cer- 
tain viewpoint from which to regard the vegetation of his 
State and particularly if it should stimulate further and 
more detailed studies of it and, in a measure at least, point 
out where these fields of investigation lie and what may be 
expected as the outcome of them. 

As to the viewpoint, it is simply to keep in mind the whole 
forward movement — the dynamics — of the plant life of the 

1In this connection, see Pearson, G. A. The Role of Aspen in the 
Reforestation of Mountain Burns in Arizona and New Mexico. The 
Plant World, 17:1914, pp. 249-260. 
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area we are concerned with, seeing in it a more or less defin- 
itely organized mass movement of associated living plants, 
whose momentum and efficiency in occupying and transform- 
ing the land are qualities that the vegetation as a whole has 
come to possess through ages of environmental experience, 
not the least item of this experience being the contact of 
plants with each other and the mutual relations growing out 
of this contact and competition. Thus viewing vegetation, 
the developmental history which has in a measure been here 
portrayed becomes a vivid field of action in which one may 
discern the qualities and aptitudes — the special genius as 
we have before said — of our native vegetation. 

You will recall that this historical review carried us back 
into geological time when we could discern the dawn of mod- 
ern aspects of plant life, from which in a later period we 
could follow the elaboration of the wealth of species, the di- 
versity of adaptation forms and the segregation of floristic 
zones and vegetation aspects which characterize the earth’s 
vegetation of to-day with its dominant group of angiosperms 
— perhaps one might venture to say the dominance due to 
the efticiency of floral structures. We saw the vegetation 
obliterated from this area by glacial invasions, and especially 
taking the last glacial retreat as a landmark on the one hand, 
we were able to judge as to the completeness with which vege- 
tation had covered the glacially prepared terrain, and what 
effects had been wrought upon the land by the beginning of 
the present period of human occupancy. We could see in 
the return of vegetation to the glacially denuded terrain, not 
only a mass migration in which species at last settle down 
into their larger zonal or climatic relations, but even more 
important for us, we could follow, as to-day we can follow, 
the sequence of events as vegetation invades each aspect of the 
substratum and through a succession of vegetation types — 
as aquatic, marsh, marsh-meadow, swamp forest associations 

comes at length to a stage of relatively stable equilibrium, 
i. e., a climax society which in this climate is forest. 
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Now it is my conviction that this way of viewing vegeta- 
tion at work will prove to be a dynamic idea no matter 
whether one aims merely to enlarge the horizon of mental cul- 
ture by a wider and deeper knowledge of what and how and 
why things are in the plant world, or whether he is enjoying 
the beauty or other qualities of field and forest for the good 
of his mental and physical health, or whether we undertake 
the solution of biological problems such as the control factors 
in bog development, or whether we set out to determine a 
sound policy for dealing with the land as relates to the pur- 
suit of agriculture or the practice of forestry upon it. Cer- 
tainly also, and particularly, the forester will be the better 
able to elaborate a policy of silvicultural practice, of forest 
management and so on if he is able to base his work upon an 
intimate knowledge of the factors —of geologic as well as 
present time — that shape the development of his forest. 

I am concerned, finally, as a long time teacher of botany, 
that this method or phase of botanical study —eall it dy- 
namic botany or plant geography or whatever — should be 
recognized as botany. A good deal of the sort of thing that 
has passed as botany has been of a feeble character which 
tended to rob the subject of the record for virility which is 
due it. On the other hand, some of the intensive laboratory 
courses which have been evolved as educational means, have 
left the student of botany without orientation in the world of 
out-door plants. We have at length, in any event, to study 
growing plants in all possible environments and relations in 
order to interpret yet more of the details which shall enlarge 
the sum of our knowledge of the story of plant life. Cer- 
tainly we may with profit pursue some of these studies in the 
field to which these pages aspire to offer an introduction. 
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PREFACE 

From the very beginning of its work the New York State 
College of Forestry has looked upon the development of 
forestry in New York as an essential phase of the land policy 
of the State. Three hundred years of agricultural history 
in New York has brought our people to see agriculture as’ 
including not alone the growing of crops from the soil and 
the production of animals for food and draft purposes but, 
in many instances, the manufacture of the crude products 
from the farm, such as in the dairy industry and then finally 
the marketing of the crops produced on the farm. Such a 
broad, comprehensive definition of agriculture has been 
necessary in the formulation of policies for the right hand- 
ling of the agricultural soils of the State. So, too, in those 
definite policies for the use of all our soils, which unfortun- 

ately are not yet satisfactorily formulated, there must be an 
equally broad application of forestry to the non-agricultural 
soils. 

Forestry means not alone the growing of a crop of trees 
from the soil for the production of wood, but it includes as 
well the conservation of water by the forest and the perpetua- 
tion of the animal life of the forest where that is beneficial. 
Therefore, in all of its plans for investigative work in 
forestry in the State, the College has considered not only the 
value of the non-agricultural soils for the production of 
forests but the life of the forests and the forest waters and 
the use of the forests and the forest waters in the most reason- 
able and effective way. In considering the question of forestry 
in this broad, constructive way, the College is not original 
but is merely using the same vision for the future which has 

been used during the past century in such European coun- 
tries as Germany and France, who have made their forests 

so important a part of their industrial and commercial 
development. 

[10] 
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After the instructional work at the College was under way 
in the fall of 1912, preliminary studies were carried through 
with the idea of laying out definite plans for both the educa- 
tional work of the ¢ ‘ollege and its investigational work. By 

its Charter the College is obliged to do both educational and 
research work in for estry. The foresters who came to the 
College in 1911 and 1912 were so occupied with the 
organization of teaching work and the general educational 
work through the State, that the plans laid out for them 
along inv Epica Gone lines could not be touched during the 
first year. Fortunately, upon consultation with the Depart- 
ments of Botany and Zoology in the College of Liberal Arts 
of the University, men were found who cota give a part of 
their time to the beginning of investigative work planned 
by the College. Dr. William L. Bray, in charge of the 
Department of Botany in the College of Raber ‘al Arts of the 
University, began in 1912 the studies of the dev elopment of 
the vegetation of the State which have been Sch com- 
pleted and which have resulted in part in the report issued 
in November, 1915, on “ The Development of the Vegetation 
of New York State.” Dr. William M. Smallwood, of the 
Department of Zoology of the College of Liberal Arts, who 
has spend many summer seasons in the Adirondacks, beeame 
interested at once in the study of the fish of the Adirondacks 
and his field studies in 1911 and 1912 resulted in the first 
technical bulletin issued by the College. This is entitled 
* Preliminary Report on Diseases of Fish in the Adiron- 
dacks, a Contribution to the Life History of Clnostomum 
Marginatum.” 

The student body of the College developed so rapidly in 
1912 and 1913 that it became advisable to establish within 
the College a Department of Forest Zoology and Entomology, 
and this Department is now in charge of Dr. M. W. Black- 
a Forest Entomologist. In the fall of 1914, Dr. Charles 
C. Adams came to the College from the University of Tli- 
nois, to take charge of the rae in forest zoology, which it is 
desirable to dev elop i in the Department. It then became pos- 
sible to emphasize in the training of forestry students that 
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the fundamental principles of conserving the fish and game 
of forest lands as agriculture includes the, raising of animals 
upon agricultural lands. ‘To make instructional work in 
forest zoology concrete and practical, field studies were begun 
of both fish and vegetable life in fresh water lakes in nearby 
forest lands. The College beheves that such studies will 
emphasize especially the influence which animals of all kinds 
exert upon the forest and therefore upon forest administra- 
tion in the State. 

The College of Forestry was surprised to find there had 
been little previous investigation of fish life and its relation 
to vegetation in the forest streams and lakes of the State. 
Furthermore, the College found that no other institution 
in the State was devoting its attention to the investigation 
of this problem or was known to have it in prospect, 
therefore, it planned to enlarge and carry forward the plans 
begun in 1912, as outlined above. New York has drawn 
very heavily for information upon the study of fish made in 
other states and by the Federal government and it has not 
so far taken its full share of the burden of investigation 
along this line. The time has now arrived when the State 
should take more active part. 

Because Oneida Lake is within easy reach by trolley from 
the College and because it is unique in many ways as a fresh 
water lake, Dr. Charles C. Adams urged that the systematic 
investigation of fish problems in the State begin with this 
lake. Therefore, in the summer of 1915, with the coopera- 
tion of Professor T. L. Hankinson of the Eastern Illinois 
State Normal School of Charleston, Il, and Mr. Frank ©. 
Baker, formerly Acting Director of the Chicago Academy of 
Science, he began a comprehensive study which has resulted 
in part in this report. Messrs. Adams and Hankinson have 
devoted their attention to the general survey of the fishes 
of the western half of the lake and during the coming sum- 
mer season of 1916 will continue this survey. -Mr. Baker 
devoted his attention to a study of the relation of the mol- 
lusks to the fish especially in the western half of the lake and 
the results of this study form the present bulletin. 
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The studies of the past season have demonstrated very 
effectively the practical and scientific value of investigations 
of the fish life of the forest streams and lakes of the State. 
These studies open up definite lines for future procedure and 
development. It has long been known for instance that 
certain fish feed largely upon snails and mussels, but this is 
a subject which has not been previously investigated care- 
fully in any eastern state Mr. Baker’s years of work with 
the Chicago Academy of Science, his specialization upon the 
Mollusea which are shown in his papers, “ The Ecology of 
the Skokie Marsh Area, with Special Reference to the Mol- 
lusea”’? (1910), and ‘The Molluscan Fauna of Tomahawk 
Lake, Wisconsin” (1911), made him as well fitted to carry 
on studies resulting in this report as any man in the United 
States. 

Summarizing briefly from our present knowledge of the 
feeding habits of fresh water fish in New York, we know 
that 30 out of 158 species, or about 1/5, consume mollusks 
in varying quantities, the ratios running from 1 to 100 
per cent. If we take 25 of the most important food and game 
fishes that occur in New York State, we find that mollusks 

provide 31.5 per cent. of their food. Of six of the most im- 
portant fish eating food and game fish, mollusks form 15 per 
cent. of the food, indirectly. These figures indicate the 
importance of mollusks in relation to our food and game 
fishes and indicates the necessity of preventing conditions 
adverse to the development of mollusks. In this study, Mr. 
Baker and those associated with him, have examined 130 
specimens belonging to 16 species. 

It is expected that Messrs. Adams and Hankison will 
complete their general studies of the fish life of Oneida Lake 
this coming season and that a comprehensive report upon 
their work will appear in the near future. Other and similar 
studies of the fish and animal life of our forests and their 
waters will be continued from year to year, thereby carrying 
out the general plan of investigative work by the College. 

Hueu P. Baxer. 
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INTRODUCTION 

The chief purpose of the study described in the pages that 
follow has been to ascertain the character and abundance of 
the mollusean fauné » snails and clams — that inhabits 
Oneida Lake, and its vc'ation to the fish fauna as food. In 
other places, notably in Illinois, mollusks have been found 
to constitute an important item in the food supply of such 
fishes as whitefish, sturgeon, suckers, carp, catfish, sunfish, 
and other bottom inhabitine fish, and it was thought that 

similar studies in Oneida Lake would add greatly to our 
present knowledge concerning the food and food-habits of 
fish. 

The plan of the work carried on during the 1915 field 
season was to study the west end of the lake rather closely. 

As time was not available to cover all of the ground, sta- 
tions were established wherever a locality seemed favorable. 
3y this method all of the principal types of shore life were 
examined. Collections of all mollusks found at each station 
were made and now form a part of the study collections of 
the New York State College of Forestry. Collections of 
associated animals have also been made and preserved in the 
collection, as well as the contents of the stomachs of the 
fishes examined. 

Plan of the Investigation. ‘The plan of this report is to 

show the relation of a group of animals — the Mollusca — to 
the environment, to the fish fauna, and to all other associated 

animals. This is brought out in nine related chapters: 1, 
Physiography and Glacial Geology, in which the lake is con- 
sidered from a physical standpoint; II, Deseription of the 
Habitats and their Molluscan Population, in which the dif- 
ferent types of habitats are deseribed and their animals and 
plants listed: JE1, Biological Valuation of the Lake, in 
which the Mo!lusea are considered as a food supply, the foo: 

[23] 
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and feeding habits of this group being also considered; IV, 
Mollusks as Food of Fish, in which fie stomach contents & 

many Oneida Lake, as well as other, fishes are deseribed, and 
a resume given of our present knowledge concerning the use 
of this class of animals as food for fishes ; V, Mollusks as 
Parasites of Fish, in which the development of young clams 
as parasites of fishes is considered ; VL Enemies of Fresh 
Water Mollusks, in which are noted those animals that feed 
upon or affect mollusks in any manner; VIT, The Classifi- 
eation of Oneida Lake Mollusea, in which the different species 

of mollusks found in Oneida Lake are considered from a sys- 
tematic standpoint and their peculiarities of station or dis- 
tribution commented upon; VIII, Plants and Animals 
associated with Mollusca, in which the animals found 

in association with the mollusks, as well as those obtained 

from the stomachs of fishes, are listed and commented upon ; 
and IX, Summary and Discussion, in which the work is sum- 

marized, certain ideals of biological research are discussed, 
and suggestions are made for further work on the lake. A 
rather full Bibliography completes the report. For the bene- 
fit of those students who may wish to carry on studies such 
as are outlined in this report, the species of mollusks inhabit- 
ine Oneida Lake have been figured. The authority for the 
names of animals listed in the body of the work will be found 
in chapters VIT and VIII. 

Equipment and Methods of Work. September and a part 
of October were given to studying the biology of the lake. 
A laboratory was established on the north side of the outlet 
near Brewerton (Central Square rural delivery), with an 
adequate equipment for carrying on field studies. The lake 
studies were made in a gasoline launch and in a large, round- 
bottom rowboat of light draft. The map of. Oneida Lake, 
Chart No. 4, New York State Canals, U. S. Lake Survey 

Maps, issued by the War Department, was in constant use 
for establishing stations and making observations. The use 
of this map saved a large amount of time that would other- 
wise have been spent in compiling a rough map and in mak- 
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ing soundings. It is a pleasure here to acknowledge the aid 
afforded by this map and to say that it was found ainiformly 
accurate. (See Fig. 1.) All stations were examined care- 
fully, either by wading or from the rowboat where the water 
was too deep for wading. A single station received from an 
hour to a day’s time, according to its importance. A. repre- 
sentative collection of the biota from each habitat has been 
preserved in the collection of the New York State College 
of Forestry. ‘The fishes examined for their stomach contents 
were largely collected by Doctor C, C. Adams and Professor 
T. L. Hankinson during parts of August and September. 
They were mostly from ‘the same feealibies as the mollusks. 

The collecting apparatus consisted of Walker dredges, dip 
nets, water telescopes, vials and bottles of many sizes, mason 
jars and tin containers for large specimens. The photo- 
graphs were all taken with a 5x7 camera. A crowfoot dredge 
(Figs. 49, 50) four feet in length, made in a manner similar 
to those*used on the Mississippi River, was operated success- 
fully for collecting the clams from the deeper parts of the 
lake. This was also found useful in gathering samples of 
the bottom flora. To insure accuracy the description of each 
habitat, and the records of the presence of mollusks on vege- 
tation, were dictated to an assistant in the boat while the 

collector was wading about or making observations from the 
boat. 

Acknowledgments. These studies have been carried on 

under the direction of Doctor C. C. Adams, Forest Zoologist 
of The New York State College of Forestry, and to him and 
to Doctor Hugh P. Baker, Dean of the College of Forestry, 
the writer is indebted for the opportunity of carrying on 
these interesting investigations. The author is especially 
indebted to Doctor Adams for counsel and suggestion during 
the progress of the work which have materially added to the 
usefulness and value of the report. Professor T. L. Han- 
kinson, of the Eastern Illinois Normal School, Charleston, 
Illinois, has identified the fishes and has critically reviewed 
the manuscript of the chapter on ‘ Mollusks as Food of 
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Fish,” and to him the thanks of the author are due. Many 
people have contributed to the suecess of the work, either by 
reporting upon critical material or by making suggestions of 
value during the progress of the investigation. To these, 
whose names appear in the appended list, the writer desires 
to express his deep appreciation. 
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lecting material. 
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This work is an effort to place on record an intensive 
study of one group of animals — the Mollusca — and to 
show how this group is economically valuable in carrying on 
fish cultural operations. If is likewise an attempt to indi- 
eate some of the biological interrelations between this group 
and the animals and plants with which it comes in contact. 
Tt is now known that this class of animals can be artificially 
introduced into bodies of water, in which they are naturally 
lacking, and the time is not far distant when this procedure 
will become common practice. It is the earnest wish of the 
writer that the information set forth in this report may 
awaken more of an interest in this group of animals and 
encourage more students to take up their study. 

Syracuse, March 15, 1916. 

DepartMENT OF Forest ZooLoay. 
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CHAPTER I. PHYSIOGRAPHY AND GEOLOGY. 

1. Description or THE Lake. (Fig. 1.) 

‘Oneida Lake hes near the center of New York State in 
latitude 43° N. and longitude 75° W. Oswego and Oneida 
counties border the lake on the north and Onondaga and 
Madison counties on the south. It is 27 miles southeast of 
Lake Ontario. It is eleven miles north of Syracuse, from 
which it may be reached in less than an hour by either steam 
railroad or trolley. Train schedules are frequent during the 
summer months, and the lake is, therefore, easily accessible 
from the College of Forestry for purposes of study. The 
lake is oriented almost directly east and west, which is the 
longer axis, and is 21 miles in length by 5.5 miles in greatest 
width. The level of the lake is 369 feet above the sea, or 
124 feet above Lake Ontario. The greatest depth recorded 
is 55 feet, which oceurs about 1.5 miles southeast of 

Cleveland. 
The shores are relatively very low, as the lake is in the 

bed of an ancient lake, lacking the bold character of the 
country to the south and east, where occur rock-cut valleys, 
large glacial moraines, and extensive drumlins. This gen- 
eral depression of the country immediately surrounding the 
lake produces low, swampy shores on many parts of the lake, 
especially at the east and west ends. The greatest elevation 
of land is found between Cleveland and North Bay, on the 
north shore of the lake, where altitudes of 440 to 460 feet 
eeur, rising 71 to 91 feet above water level. On the south 

Fig. 2. Cross sections of Oneida Lake. A, Section from Shaw Bay 
southward on line of 76° 05’ longitude. B, section from 
Phillips Point south to Norcross Point, cutting through 
Frenchman Island. ©, Section from Constantia south to 
Maple Bay, on line 76° 00’ longitude, cutting through islands 
and shoals. D, Section from Bernard Bay south of Shackel- 
ton Point. E, east and west section from Brewerton to 
Shackelton shoals. Horizontal scale 314 inches to the mile, 
A-B; 15 inches to the mile, D. Vertical scale 1/32 inch = 
2 feet. 
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shore elevations seldom exceed 400 feet, or 30 feet above lake 
level. 

The construction of the Caughdenhoy dam in the Oneida 
Ktiver, completed in 1909, as a part of the State Barge Canal 
system, raised the water level several feet, thereby flooding 
large areas, one especially notable area being on the east side 
of Big Bay. Large natural swamp areas also occur at Maple 
Bay, west of Constantia, west of Lower South Bay, and at 
the east end of the lake. These large swampy tracts cover 
areas of from four to five square miles. To the south, at a 
distance of about two miles, hes the large Cicero Swamp, 
having an area of eight square miles. Several miles west of 
this swamp area another but smaller swamp occurs. 

Oneida Lake is the largest of the inland lakes in the State, 
having an approximate area of about 80 square miles 
(51,200 acres) and a shore line of approximately 65 miles. 
Cross sections of the lake (see figure 2) indicate the basin to 
be a somewhat saucer-shaped depression, deepening toward 
the eastern end. The areas bordering the shores are always 
shallow and usually deepen rather abruptly, forming, in many 
places, submerged terraces of greater or less width. These 
terraces are either sandy or bouldery in character, and usu- 
ally the latter, the rough water washing out the fine particles 
and removing them to the quieter bays and protected areas 
near the points. For this reason the points are always stony 
or bouldery and the bays sandy. A notable fact recognized 
very early in the investigation was the almost total absence 
of mud on the shores of the west end of the lake. Muddy 
areas were observed in several places, notably at the mouths 
of small creeks, but in the greater part of the area examined 
there was a hard, sandy or stony bottom. 

The wind currents of the lake have cut many points, car- 
rying the eroded material into quieter water, and have in 
some places formed wave cut terraces, as on Frenchman and 

Dunham Islands, and along the south shore near Shepard 
Point. Shallow bars and sand spits have been formed in 
many places, notably near Long Point and in parts of Lower 

er a. 
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South Bay. The fine material washed from the bouldery 
points, together with the abundant vegetation, 1s slowly filling 
up the shallow bays. It seems evident, however, that the 
presence of such plants as the Water Willow (Dianthera) 
and Bulrush (Scirpus), which frequently grow in dense 
masses on some of these points, prevent excessive erosion in 
much the same manner that vegetation does on land areas. 

As has already been stated, shallow areas border all parts 
of the shore line. This shallow zone, which is from two to 
six feet in depth, varies in width from 200 to 1,600 feet, and 
in one instance (on Frenchman Island) attains a width of 
nearly 2,000 feet. The approximate area of shallow water, 
six feet or less in depth, is upwards of 189,462,102 square 
feet or 4,549 acres (6.80 square miles). This is significant 
when it is remembered that this shallow water terrace is 
nearly all covered with vegetation and is the area which sup- 
ports most of the animal life and affords the breeding 
erounds for the majority of the fishes in the lake. If we 
include the bottom area enclosed by the twelve foot contour, 
helow which, according to Pieters (1901), little or no vege- 
tation lives, we find a total approximate area of 363,420,004 
square feet or 8,343 acres (13.03 square miles) which affords 
feeding grounds for fishes and other animals, or about 16 
per cent of the total lake area. Forbes (1887, p. 6) calls 
special attention to the significance of this shallow, vegetation 
covered area and its relation to the animal life of a lake. 
These shallow places are especially well marked in Big Bay 
(S67 acres) and Lower South Bay (586 acres), as well as 
around Frenchman and Dunham Islands (331 acres). 

The hydrographic basin of Oneida Lake is relatively large, 
reaching a distance of 35 miles on the north, 10 miles on the 
east and 20 miles on the south. Roughly, it embraces an 
area of approximately 1,612 square miles. Ignoring the 
many small ereeks which drain the areas immediately sur- 
rounding the lake, there are four streams of good size which 
flow into the lake. These are Chittenango Creek on the south 
side and Oneida Creek, Fish Creek and Wood Creek at the 
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east end. Over thirty other creeks, of which Big Bay Creek 
and Seriba Creek, the latter near Constantia, are the largest, 
also add their waters to the volume of the lake. 

The outlet drainage is westward and northward by way 
of Oneida River and the Oswego River into Lake Ontario. 
The new Barge Canal makes use of Oneida Lake, and about 
a mile and a half of Oneida River west of Brewerton, at 

which point excavations begin and the canal turns to the 
southwest. Oneida Lake lies between locks 22 and 23 of the 
Barge Canal system. 

9. GractaLt GroLoey. 

It is not necessary in this report to describe the glacial 
epoch, its causes or its history. For such information the 
reader is referred to the papers of Taylor (1913), Chamber- 
lin (1906), and especially Fairchild (1899, 1902, 1903). 
After many advances and retreats of the ice sheet, during 
which the glacial drainage fluctuated from west to south and 
east, a large lake filled the Ontario basin and extended well 
to the eastward covering the territory of Oneida Lake and 
draining eastward past Rome into the Mohawk Valley and 
thence into the Hudson Valley. <A long arm of this glacial 
lake, known to geologists as Lake Iroquois, extended through 
the Montezuma Marsh region and included the Cayuga Lake 
Valley. The water at this stage was at a level of 440 feet 
or 71 feet above the present level of Oneida Lake. The old 
shore line of the outlet of this glacial lake borders the north 
side of Oneida Lake, being distant about a mile. The south 

shore of the outlet lies just south and east of the city of 
Syracuse. 

Oneida Lake apparently occupies a depression in the bed 
of this outlet. Its bottom does not differ in character from 
the general physiography of the surrounding territory. 
There are elevations in the lake resembling morainic hills, 
the crests of which form the shallows and small islands found 
in the lake, especially at the central and western ends. ‘The 
islands, Long, Little, Wantry, ete., and the Shackelton Shoals 

| 
| 

| 
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evidently represent a terminal moraine indicating the point 
at which the Ontarian ice lobe rested at the Lake Dawson 
stage. (Fairchild, 1903, plate 41.) Frenchman and Dun- 
ham Islands appear to be the tops of submerged drumlins, the 
long axes being the same as those of the elevations surround- 
ing the lake. (See the map, Fig. 1.) 

When Lake Ontario was drained to its present level and 
its outlet shifted to the St. Lawrence River, Oneida Lake 
was left as a huge pool. It does not seem possible that this 

Vig. 3. Cross section of Seneca Lake about a mile south of Long Point. 
Horizontal scale 2 inches to the mile. Vertical scale % inch 
= 100 feet. 

lake can be placed in the same class as those of Cayuga, 
Seneca, and other of the Finger Lakes, which are rock bound, 
and were once occupied by preglacial rivers flowing north- 
ward, which eroded the valleys during the long ages preced- 
ing the advance of the ice. Profiles of the two classes of 

2 
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lakes show this difference strikingly, that of Seneca Lake 
being sharply V-shaped (Fig. 3), while that of Oneida Lake 
is saucer shaped. (Fig. 2.) It seems evident, from the data 
at hand, that Oneida Lake is of glacial origin and is similar 
in character of formation to Winnebago Lake in Wisconsin. 
There may have been, in preglacial time, a river or stream 

' T 
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Fig. 4. Diagrammatic map of the vegetation in Nicholson Bay. 

«Scirpus occidentalis. ! Decodon verticillatus. 
AScirpus americanus. 0 Castalia odorata. 
Scirpus smithii. 0 Nymphea advena. 

~¥Potamogeton natans. Y. Carea. 
A. Sagittaria lati olia. x Dianthera americana. 

1, 2, 3, 4, 5 depths of water. *Pontederia cordata. 
1 Typha angustifolia. 

that flowed through the territory oceupied by Oneida Lake, 

but if such was the case its presence is not indicated by any- 

thing in the physiography or hydrology of the region. Ac- 

cording to Hopkins (1914, pp. 7, 8) the rock strata beneath 

and around Oneida Lake consist of Clinton Rochester Shales, 

a soft rock, and the Lockport Limestone, a more resistant 

rock. This region had doubtless been reduced to base level 

before the advent of the ice sheet and the bed of Oneida Lake 

was possibly a wide, open flood plain of a meandering pre- 

elacial river. The successive ice sheets (I]linois and Wis- 
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consin) doubtless modified the original topography, scooping 
up the soft shale and redepositing it in the form of moraines 
and drumlins. As the roek (Clinton shale) is but 14 feet 
below the surface at Brewerton, the outlet for such a hypo- 
thetical river must have been in some other direction, per- 
haps through Big Bay. The west end of the lake is very 
shallow, indicating a large amount of glacial filling, if a river 
ever flowed in this direction. 

Oneida Lake is physically better adapted for maintaining 
a large and varied fish fauna than either Cayuga or Seneca 
Lakes because of its shallowness, especially about its borders, 
where feeding and breeding grounds are extensive. The 
Finger Lakes, on the other hand, have little shallow water, 
excepting at the ends, hence cannot support much vegetation 
upon which animals depend, in the ultimate analysis, for 
food. 
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CHAPTER II. DESCRIPTION OF THE HABITATS 

AND THEIR MOLLUSCAN POPULATION. 

In order that an accurate picture might be formed of the 
different environments in the lake, field stations or habitats 
were established in many places, from the outlet at Brewer- 
ton to Constantia on the north side of the lake and from 
Brewerton to Lower South Bay on the south shore. Several 
islands and the deeper water were also investigated. Detailed 
studies were made of these stations, in relation to their 
mollusean inhabitants, as well as to the associated biota, to 

the depth of water, and to the character of the bottom. 
Ample material was gathered, and more or less exhaustive 
field descriptions of the habitats were made. By this 
means it has been possible to form a very full and 
comprehensive idea of the number of species and relative 
abundance of the molluscan life in the lake, its relation to 
the feeding and breeding grounds of the fish and its adapta- 
bility to the needs of the mollusk-eating fish. 

A. DETAILED DISCUSSION OF FIELD STATIONS. 

For convenience the data will be considered under four 
heads: 1. North Shore Stations; 2. South Shore Stations; 
3. The Islands in the Lake; and 4. The Deeper Water and 
Open Lake Vegetation. 

I. North Shore from Brewerton East to Constantia. 

Station I. Nicuorson Bay (Fie. 4). 

This bay contains two characteristic and diverse habitats. 

Habitat 1. West side of bay, Fig. 5 (Field or collection 
No. 266). 

Borrom: Hard sand, with few boulders, several very 
large. Warrr: From 12 to 30 inches deep. 

VecetTation: Water Williow (Dianthera americana). 

Near the shore there is a small association of Narrow- 

leaved Cat-tails (Typha angustifolia) and sedge (Carex 

a. & 



Fig. 5. Station I, habitat 1, West side of Nicholson Bay. Heavy 
growth of Water Willow (Dianthera americana) . 

Fig. 6. Station I, habitat 2, Nicholson Bay. Heavy growth of Cat-tail 
(Typha angustifolia) in background, Bulrush (Scirpus 
occidentalis and S. smithii) in the foreground, and the white 
and yellow pond lilies, with pond-weed, covering the water 
between. (Nymphcea advena, Castalia odorata, Potamogeton 
natans) . 
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trichocarpa). At the outer or lake border there is an area of 
Lake Bulrush (Scirpus occidentalis) which extends into the 
deeper water. 

ANIMAL LIFE. 

Life was abundant in this habitat, the clams burrowing 
among the stones and the gastropods living on the stones and 
boulders. Four species of mollusks were noted. 

Elliptio complanatus, 1% inches Planorbis campanulatus. 
long. Planorbis antrosus. 

Lampsilis radiata, rose-colored. 

Whirligig beetles (Dineutes hornit) were abundant on the 
surface among the Water Willow. 

Habitat 2. East side of bay, Fig 6. (Field numbers 259- 
262, 281.) 

Borrom: Sandy or silty. Warrr: 2 to 5 feet deep. 

Veceration: The plant associations of this habitat are 
peculiar and interesting, exhibiting an orderly zonal char- 
acter when closely examined, although apparently badly 
mixed when first observed. This zonal arrangement may be 
deseribed as follows: 

Zone A. Shore edge, water 10-18 inches deep. 

3uttonbush (Cephalanthus occi-  Arrow-head (Sagittaria latifolia). 
dentalis). Sedge (Carex trichocarpa) near 

Swamp Loosestrife (Decodon ver- Water Willow. 
ticillatus) . Cat-tail (Typha angustifolia) . 

Water Willow (Dianthera ameri- 
cana) in one sandy spot. 

Zone B. Water 2 feet deep. 

Bur-reed (Sparganium eurycar- Bulrush (Scirpus americanus). 
pum). : Pickerel-weed  (Pontederia  cor- 

Bulrush (Seirpus occidentalis) . data). 
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Zone C. Water 3-4 feet deep. 

This association is protected from the rough water of the 
lake by the vegetation of Zone D. 

FLOATING LEAVES. 

Sweet-scented Water Lily (Casta- 
lia odorata). 

Cow or Yellow Lily 
advena). 

(Nymphaea 

Floating Pond-weed (Potamogeton 
natans ) . 

SUBMERGED PLANTS. 

Clasping-leaved Pond-weed  (Po- 
tamogeton perfoliatus). 

Water Weed (Elodea canadensis). 

Water Milfoil (Myriophyllum spi- 
catum). 

Stonewort (Chara species). 
Hornwort (Ceratophyllum demer- Water Celery (Vallisneria — spi- 

sum). ralis). 

Zone D. Water 114-5 feet deep. 

Water Willow (Dianthera ameri- Lake Bulrush (Scirpus occiden- 
cana). talis). 

Pickerel-weed (Pontederia cor-  Bulrush (NSeirpus smithit). 
data). Sedge (Carex trichocarpa). 

Arrow-head (Sagittaria latifolia). 

Zone LD) consisted of a number of small colonies of Water 

Willow, Pickerel-weed, Arrow-head and Sedge. 
Bulrush was generally distributed. 
distinct semicircle sharply dividing Zones B and D. 
Fig. 6.) 

ANIMAL 

The Lake 
Zone C formed a very 

(See 

LIFE. 

Animal life was notably abundant in Zone C, on the upper 
and lower sides of the pond-lily leaves, and among the sub- 
merged vegetation. 
sides insects. 

Eight forms of mollusks were noted, be- 

MOLLUSCA, 

Acella haldemani, all adult. 
Pseudosuccinea columella, halt 

grown and adult. 
Pseudosuccinea columella chaly- 

bea, half grown and adult. 

Planorbis campanulatus, adult. 

Planorbis trivolvis, half 

and adult. 
Planorbis hirsutus, adult. 
Physa ancillaria warreniana, 
young and adult. 

Amnicola lustrica, young. 

grown 
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INSECTA. 

Dragon-fly (Basiewschna janata)  Dragon-fly (Tetragoneuria cyno- 
nymph. sura) nymph. 

HIRUDINEA. 

Leech (Placobdella picta). Leech (Glossiphonia stagnalis). 
Leech (Glossiphonia fusca). Leech (Erpobdella punctata) . 

On the lakeward side of Zone D, where the Water Willow 
and Bulrush (Scirpus occidentalis) were abundant, many 
clams were observed in water from two to three feet in 
depth, on a hard, sandy bottom. All were of one species, 
Elliptio complanatus. 

Station II. PENoweaLy Pornt (Frertp Nos. 264-5, 
283-4). 

This point extends some distance into the lake, having sta- 
tions I and III on either side. The water is shallow for a 

Ay \= 
ey bone = 
Soa Me boty ht 1 

tN \ 

Vig. 7. Diagrammatic map of the vegetation in bay between Fitzgerald 
and Milton points. 2, 3, 4, 5, 8, 9 depths of water. 

.Scirpus occidentalis. * Pontederia cordata. 
AScirpus americanus. 1. Typha angustifolia. 
+Potamogeton natans. Y. Carex. 
0 Castalia odorata. ! Decodon verticillatus. 
0 Nymphwa advena. C. Sparganium eurycarpum. 
A. Sagittaria latifolia. b. Cephalanthus occidentalis. 
X. Dianthera americana. 
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distance of nearly 500 feet, when it drops more or less sud- 
denly to 9 feet in depth. 

Borrom: Hard sand with many stones and boulders. 
Water: 10 to 30 inches deep. 
Veceration: Bulrush (Scirpus occidentalis). 

ANIMAL LIFE. 

Clams in sand between stones. Gastropods on stones and on 
sand. The latter are so adundant as to give a “ peppered ” 
aspect to the bottom, and the clams are notably abundant, the 
posterior or siphon end protruding from the sand between 
the rocks. 

MOLLUSCA. 

Lampsilis radiata. Spherium vermontanum. 
Anodonta implicata. Galba catascopium. 
Anodonta grandis footiana. Goniobasis livescens. 
Elliptio complanatus. 

Both Lampsilis and Anodonta were gravid. Some of the 
Galba had the spermaceti-like color of the same species from 
Pine Lake, Michigan. The shell of Lampsilis was rosy in 
two-thirds of the specimens. 

INSECTA. 

Caddis-fly cases (Helicopsyche  Caddis-fly cases (Leptocella spe- 
borealis). cies). 

The larval cases of this insect, which resemble a snail shell 
so closely that the experienced conchologist, Doctor Isaac 
Lea, once described it as Valvata arenifera, were amazingly 
abundant, on stones and dead shells. In many cases a stone as 
large as the hand was covered with 70 or 80 individuals. It 
is evident that a larger number of species live on or near 
this point than is indicated by the species found living. From 
shore debris 16 species of mollusks were identified, as noted 
below: 

*|. Lampsilis radiata, abundant. *5. Elliptio complanatus, abund- 
*2. Anodonta grandis footiana. ant. 
3. Anodonta marginata, 1. *6. Spherium vermontanum. 

*4. Anodonta implicata. abundant. 
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7. Gillia altilis, 1. 
8. Bythinia tentaculata, 3. 

*9. Goniobasis livescens, abund- 
ant. 

10. Somatogyrus subglobosus, 1. 
ll. Valvata tricarinata, 1. 

12. Vivipara contectoides, i 
young. 

*13. Galba 
ant. 

14. Planorbis campanulatus, 4. 
15. Physa integra, 10. 
6. Physa ancillaria warreniana, 

9. 
*17. Helicopsyche borealis, abund- 

ant. 

catascopium, abund- 

Nos. 7, 8, 10, 11, 12, 14, 15 and 16 were evidently washed 

in from other and different habitats. Those species observed 
to live on the stony point are marked with an * 

Bay 

Points. 

Sration ITI. BETWEEN FirzGERALD AND Mu1LTon 

As in Station I, this field station is divisible into several 

distinct habitats characterized by varying depths and diverse 
vegetation (Fig. 7). 

Tlabitat 1. 

No. 282. 

Sheltered bay at west end of station. Field 

This habitat is protected from the rough waters of the 
lake by the heavy fringe of Water Willow, Sedge (Carex) 
and Bulrush (S. smithiz and S. americanus) which forms an 
effectual barrier (Fig. 8). 

Borrom: 
One to four feet in depth. 

Sandy silt, varying in hardness. WATER: 

Vecrrarion: Zonal and variable, as noted below. 

Zone A. Water 1-2 feet deep. 

Sedge (Carex trichocarpa) . 
Buttonbush  (Cephalanthus 

dentalis). 
Swamp Loosestrife (Decodon ver- 

ticillatus) . 
Bur-reed = (Sparganium 

pum). 

ocel- 

eurycar- 

Arrow-head (Sagittaria latifolia). 
American Bulrush (Scirpus amer- 

icanus) . 
Bulrush (Scirpus smithii). 

Zone B. Water 2-4 feet deep. 

Pickerel-weed 

data). 

(Pontederia — cor- Lake Bulrush (Seirpus oceiden- 
talis) . 



Fig. 8. Station III, habitat 1, sheltered bay north of Fitzgerald Point, 
protected from rough waters of lake by zone of Carez, 
Dianthera, and Scirpus (S. smithii and 8. americanus). In 
the quiet water inside the barrier are found Pontederia, 
Dianthera, Potamogeton natans, Castalia and Nymphea. 
The shore is bordered by Typha, Carex, Cephalanthus, 
Decodon, and Sagittaria. 

Fig. 9. Station III, habitat 2. Cat-tail shore, facing lake. The shore 
is lined with Typha, among which also live Sparganium, 
Sagittaria, and Cephalanthus. In the open water in the 
foreground are found Pontederia, Scirpus americanus, and 
Nymphea. 
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Sweet-scented Water Lily. (Cas- Cow Lily (Nymphea advena). 
talia odorata). Floating Pond-weed (Potamogeton 

natans). 

SUBMERGED VEGETATION. 

Clasping-leaved Pond-weed (Po- Water Milfoil (Myriophyllum spi- 
tamogeton perfoliatus). catunv) . 

Water Weed (Hlodea canadensis). Water Celery (Vallisneria  spi- 
Hornwort (Ceratophyllum demer- ralis) . 

sum). 

ANIMAL LIFE. 

MOLLUSCA. 

Acella haldemani, on leaves of  Physa ancillaria warreniana, on 
water lily. leaves of water lily. 

Pseudosuccinea columella, on Planorbis campanulatus, on leaves 
leaves of water lily. of water lily. 

Habitat 2. Cat-tail shore facing lake (Fig 9), Field Nos. 
252, 253. 

There are three distinct cat-tail associations, each separated 
by a rounded point free from shore vegetation. One of these 
is at the mouth of a small creek (Fig. 9). There is little or 
no protection from the rough waters of the lake. Each asso- 
ciation is made up of the following plants, arranged zonally. 

Zone A. Shore. 

Black Willow (Salia nigra var. Swamp Loosestrife (Decodon ver- 
falcata). ticillatus) . 

Narrow-leaved Cat-tail (Typha  Buttonbush (Cephalanthus occei- 
angustifolia) . dentalis) . 

Zone B. 

Borrom: Sandy, rather firm. Watrer: 12-24 inches 
deep. 

Bur-reed (Sparganium eurycar- Narrow-leaved Cat-tail (Typha 
pum). angustifolia) . 

Arrow-head (Sagittaria latifolia) . 
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Zone C. 

Borrom: Sandy silt. Warrer: 2-4 feet deep. 

Sweet-scented Water Lily (Casta- Pickerel-weed (Pontederia  cor- 
lia odorata). data). 

Cow Lily (Nymphaea advena). American Bulrush (Scirpus amer- 
Pond-weed (Potamogeton natans). 1Ccanus ) . 

In one habitat, the first west of Milton Point, the bottom 
was muddy, as was also the case at the mouth of the creek. 

ANIMAL LIFE IN ZONE C. 

Spherium vermontanum. Gillia altilis. 
Pisidium variabile. Somatogyrus subglobosus. 
Pisidium compressum levigatum. Amnicola lustrica. 
Pisidium species. Valvata bicarinata normalis. 
Pisidium species. Planorbis hirsutus. 
Campeloma integrum, young. Planorbis campanulatus. 

Mollusks were here (Zone C) quite abundant. Among 
the Campeloma, one specimen was reversed and one of the 
shells had a rosy tint like Campeloma rufum. 

Zone D. (Field Nos. 224, 251.) 

Borrom: Sand or gravel with occasional boulders. 
Water: 2-4 feet deep. 

VEGETATION. 
Pickerel-weed (Pontederia cor- Floating Pond-weed (Potamogeton 

data). natans) . 
American Bulrush (Scirpus ameri- 

canus). 

Zone D occurs conspicuously in the first indentation of the 
shore west of Milton Point, where Zone C is in about 2 feet 
of water. The plants occur in patches. Animal life is here 
abundant, the mollusks living on or between the stones (Fig. 
1G:).. 

Elliptio complanatus, common. Gillia altilis, adult and young, 
Spherium vermontanum, rare. common. 
Pisidium compressum, rare. Physa ancillaria warreniana, 
Campeloma integrum, rare. young, uncommon. 
Amnicola lustrica, rare. Galba catascopium, adult and 

young, uncommon. 
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Habitat 3. Rounded points separating No. 2 habitats. 
The shores of these locations are bare; in one place the lake 
had undermined the shore, forming an overhanging bank 
about one foot above the water. The base of this bank, in a 
few inches of water, was the optimum habitat of Campeloma 
integrum. Where this bank was absent there was a sandy or 
gravelly beach. ‘Two conspicuous zones or areas are apparent. 

Zone A. (Field No. 250.) 

Overhanging or vertical bank; water six inches deep; bot- 
tom sandy or stony; no vegetation, but in one place water 
celery had been washed on shore forming a mat in which 
mollusks were abundant, eating the plant. 

MOLLUSCA. 

Campeloma integrum, abundant. Planorbis binneyi eating celery, 
Lymnaea stagnalis lilliane, eating common. 

celery, rare. Physa ancillaria warreniana, eat- 
jalba catascopium, eating celery, ing celery, rare. 
Tare. 

Zone B. (Field Nos. 223, 263.) 

30TrTTom: Hard sand with rocks and boulders. WarrEr: 

12 to 36 inches deep. 
VEGETATION. 

Lake Bulrush (Scirpus occiden-  Pickerel-weed (Pontederia  cor- 

talis) . data). 
American Bulrush (Scirpus ameri- Water Celery (Vallisneria spir- 

canus) . alis). 

MOLLUSCA. 

Physa ancillaria warreniana, on Goniobasis livescens, on _ rocks, 
rocks, abundant. abundant. 

Planorbis campanulatus, on Seir- EHlliptio complanatus, between 
pus and wild celery, common. rocks in sand, common. 

Planorbis hirsutus, on Scirpus and Lampsilis radiata, in sand, not 
wild celery, rare. common. 

Galba catascopium, on _ rocks, Anodonta cataracta, in sand, not 
abundant. common, 

CRUSTACEA, 

Crawfish (Cambarus propinquus). Under stones; male of form T. 
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INSECTA. 

Caddis-fly larve  (Helicopsyche borealis). On stones, abundant. 

HIRUDINEA. 

Leech (Erpobdella punctata). Leech (Glossiphonia vomplanata). 
Leech (Placobdella rugosa). 

On the shelving shore of Zone 1 the dead shells of many 
clams were observed, showing that these animals are abund- 
ant on the sandy bottom of Zone 2. Four species were noted: 

Elliptio complanatus. Anodonta grandis footiana. 
Lampsilis radiata. Anodonta cataracta. 

Station TV. Mitton Point (Fietp No. 229). Fie. 11, 

Milton Point is a narrow, wedge-shaped piece of land ex- 
tending well into the lake. It is fully exposed to the winds 
and waves from the south and east. The land is quite low 
and is doubtless covered with water during storms and periods 
of high water. Shallow water extends for a considerable 
distance into the lake. 

Botrrom: Very bouldery on hard sand. Water: .1 to 2 
feet deep. 

VEGETATION, 

Bulrush (Scirpus americanus). Water Willow, rare (Dianthera 
americana). 

ANIMAL LIFE. 

MOLLUSCA. 

Elliptio complanatus, between Galba catascopwm, on stones, com- 
rocks, common. mon. 

Lampsilis radiata, between rocks, Planorbis antrosus, on stones, rare. 
common. Planorbis campanulatus, on stones, 

Gomiobasis livescens, on stones, rare. 
common. Physa ancillaria warreniana, on 

stones, rare. 

The last three mollusks (Planorbts and Physa) are evi- 
dently migrants from Station V. 
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INSECTA. 

Whirligig beetles (Gyrinus ven-  Caddis-fly larve  (Helicopsyche 
tralis). borealis). 

Whirligig beetles (Dineutes assi- 
milis). 

Station V. Ice Housr Bay (Frexrp No. 230). Fie. 12. 

A small, round indentation or bay, well protected from the 
winds and waves on the south, west and north sides, but 
widely open on the east side. The water on the south and 
west shores is shallow, ranging from one to three feet in 
depth. The bottom is bouldery except in small spots which 
are of hard sand. The vegetation is fairly uniform, consist- 
ing of : 

Habitat 1. 

American Bulrush (Scirpus ameri- Floating Pond-weed (Potamogeton 
canus) in water 10-24 inches natans) in water 10-24 inches 
deep. deep. 

Lake Bulrush (Scirpus occiden- 
talis) in water 36 inches deep. 

Habitat 2. 

At the west end of the bay there is an extensive area of 
Cat-tail (T’ypha angustifolia) with occasional plants of : 

Arrow-head (Sagittaria latifolia). Pickerel-weed (Pontederia  cor- 
data). 

Habitat 3. 

The north side of the bay, on which the ice house of the 
People’s Iee Company stands, is bordered by a heavy zone of : 

Salt Reed grass (Spartina cyano- Bulrush (Scirpus smithii). 
suroides) . Lake Bulrush (Scirpus occiden- 

Water Willow (Dianthera ameri- talis). 
cana). 

The last named plant borders the plant association where 
the water deepens, forming a channel 4-5 feet deep. 



Fig. 10. Station III, habitat 2, zone D. First indentation west of 
Milton Point. Scirpus americanus, Pontederia, and Pota- 
mogeton natans occur in 2 to 4 feet of water. The shore 
is here lined with Typha. Milton Point in the background. 

“S $% 

Fig. 11. Station IV. Milton Point, looking east with Frenchman 
Island and Shaw Point in the distance. Vegetation consist- 
ing of Scirpus americanus with an occasional Dianthera. 
Bottom very bouldery. 
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Submerged Plant Association (Habitat 4). 

The submerged plants embrace the usual species of such a 
habitat. They were in 4 feet of water. 

Clasping-leaved Pond-weed 
tamogeton perfoliatus) . 

Water Celery (Vallisneria spira- 
lis). 

(Po- 

ANIMAL LIFE. 

Water Weed (Hlodea canadensis) . 
Hornwort (Ceratophyllum demer- 
sum). 

(FROM HABITAT 1). 

MOLLUSCA. 

Lymnaea stagnalis lilliane, near 
shore. 

Galba catascopium, on rocks, on 
Scirpus americanus, and on 
sandy spots. 

Galba emarginata, dead shells, evi- 
dently from deeper water. 

toniobasis livescens, on rocks. 
Planorbis trivolvis, var., on rocks, 

on Scirpus americanus, and on 
sandy spots. 

Planorbis campanulatus, on rocks, 
on Scirpus americanus, and on 
sandy spots. 

Physa ancillaria warreniana, on 
Scirpus americanus, and on sand 
near shore. Adult and young. 

Elliptio complanatus, in sandy - 
spot, small. 

Anodonta cataracta, in sandy spot, 
large. 

INSECTA. 

Caddis-fly larvee (Helicopsyche borealis), on rocks. 

The mollusks covered the bottom of this bay in great 
abundance. 

Sration VI. Heap or Bie Bay (Fr=tp Nos. 268, 269). 

The zonal character of the vegetation at this location was 
marked. For the distance of several hundred feet, an area of 
clear water, about 25 feet in width, bordered the shore, the 
water being about 20 inches in depth. No mollusks were 
observed in this sandy strip. This area is bordered by a wide 
zone of plants, in about four feet of water. The plants noted 
were: 

Lake Bulrush (Scirpus occiden- Floating Pond-weed (Potamogeton 
talis) . natans) . 

Pickerel-weed (Pontederia cor- Sweet-scented Water Lily (Cas- 
data). talia odorata). 

Cow Lily (Nymphaea advena). 
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Where the water becomes shallower, in spots 2-214 feet 
deep, the Water Willow grows abundantly. Mollusks were 
noted here in but one situation. Physa ancillarta warreniana 
was observed on the upper surface of Castalia odorata. 
A leech, Placobdella parasitica, was obtained from turtles 

caught in a fyke net at mouth of west creek flowing into 
Big Bay. Collected by Adams and Hankinson, Sept. 9, 
1915. 

Sration VII. Brea Bay Creex (Frerp No. 270). 

Big Bay Creek extends for over a mile into the swampy 
shore bordering the east side of Big Bay. At its mouth the 
water is five feet in depth and about 20 to 25 feet in width. 
As the water extends into the country for a long distance, 
forming a vast swamp, it is impossible to judge of the original 
size of the creek. The bottom is of fine, sandy silt. The 
vegetation is zonal in arrangement. 

Zone A. Shallow water (12-18 inches). This zone evi- 

dently represents the old shore line before the raising of the 
water table. 

' Black Willow (Salia nigra var.  Broad-leaved Arrow-head (Sagit- 
falcata). taria latifolia). 

Swamp Loosestrife (Decodon verti- 

cillatus ) . 

Zone B. Water five feet deep. 

Cow Lily (Nymphaea advena). Clasping-leaved Pond-weed  (Po- 
Floating Pond-weed (Potamogeton tamogeton perfoliatus) . 

natans). 

ANIMAL LIFE, 

Animal life was observed on the upper and under surfaces 
of the Cow Lily. The species all belong to the Mollusea. 

Pseudosuccinea columella. Physa ancillaria warreniana. 
Planorbis campanulatus. Physa gyrina. 

Adams and Hankinson collected leeches, of the species 
Placobdella parasitica, from turtles caught in a fyke net set 
near the mouth of Big Bay Creek, Sept. 4-7, 1915. 
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Station VIII. Dry Lanp Pornt, Bie Bay (FIELp No. 
271). 

This habitat is a low point of land situated at about the 
middle of the east shore, extending well into Big Bay. The 
bottom gradually slopes toward the deeper water of the bay. 
It is somewhat protected by the lakeward zone of vegetation. 

Borrom: Hard, sandy. Water: 18 to 30 inches deep. 

Veceration: None for 30 feet, where a zone of Scirpus 
occidentalis occurs: 

ANIMAL LIFE. 

Animal life was abundant, principally mollusks, which 
were on or in the sand. 

MOLLUSCA. 

Spherium vermontanum, buried in Elliptio complanatus, buried in 
sand. sand, (small specimens). 

Planorbis campanulatus, on sand. Bythinia tentaculata, dead; washed 
Galba catascopiwm, on sand. in from water plants. 
Campeloma integrum, buried in 

sand. 
INSECTA. 

Caddis-fly cases (Leptocella species). 

Sration 1X. Derr Pornt, Bre Bay (Fretp No. 234). 

This habitat is bordered by low, swampy land about a foot 
above lake level, in most. places. The bank has been under- 
mined and overhangs a trifle, forming a penpendicules wall 
ten to fifteen inches high. 

Borrom: Sandy silt, rather soft. Watrr: 18 to 30 
inches deep. 

VEGETATION: Zonal. 

Zone A. Bordering the shore, water 10-15 inches deep. 

Narrow-leaved Cat-tail (Typha  Bur-reed (Sparganium  ewrycar- 
angustifolia) . pum). 

Arrow-head (Sagittaria latifolia) . 
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Zone B. In water, 15-30 inches deep. 

Water Willow (Dianthera ameri- Lake Bulrush (Scirpus occiden- 
cana). talis). 

Bulrush (Scirpus smithit). Pickerel-weed  (Pontederia  cor- 
American Bulrush (Scirpus amerv data). 

canus). 

Scirpus occidentalis and Pontederia occupy the deeper por- 
tions of the shore. 

All of the animal life was from Zone B on the sandy 
bottom. 

MOLLUSCA. 

Spherium vermontanum, common. Campeloma integrum, common. 
Pisidium compressum levigatum, Amnicola lustrica, common. 

common. Planorbis campanulatus, common. 
Pisidium species, rare. 

INSECTA. 

Caddis-fly cases(Molanna species). Caddis-fly cases  (Helicopsyche 
Caddis-fly larve (Leptocerus spe- borealis) . 

cies). Dragon-fly nymph (Gomphus sor- 
Caddis-fly larve (Hydroptila). didus). 

Station X. Poppyeut Bay, Bia Bay (Frerp No. 233). 

Poddygut Bay is a rounded indentation at the entrance to 
Big Bay. It is partly enclosed by Willow Point on the north 
and Poddygut Point on the south. These points are sandy, 
bouldery, and shallow. The bay is 5 to 7 feet deep and is 
filled with water plants. It is entirely surrounded by a deep 
swamp. The vegetation is zonal in arrangement. 

Zone A. Bordering the shore, water 1-214 feet deep. 

Buttonbush (Cephalanthus occi-  Pickerel-weed ea cor- 
dentalis) . data). 

Narrow-leaved Cat-tail (Typha an- Sedge (Carex trichocarpa). 
gustifolia) . Swamp Loosestrife (Decodon verti- 

Broad-leaved Arrow-head (Sagit- cillatus) . 
taria latifolia). 

Zone B. Nymphaea-Potamogeton association. 

Bulrush (Scirpus occidentalis) . Cow Lily (Nymphaea advena). 
Sweet-scented Water Lily (Cas- Floating Pond-weed (Potamogeton 

talia odorata). natans ) . 
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Zone C. Submerged vegetation. 

Clasping-leaved Pond-weed (Po-  Hornwort (Ceratophyllum demer- 
tamogeton perfoliatus) . sum). 

Water Celery (Vallisneria spir- Water Milfoil (Myriophyllum spi- 
alis). catum). 

Water Weed (Hlodea canadensis) . 

ANIMAL LIFE (ZONE B). 

MOLLUSCA. 

Acella haldemani, on leaves and <Amnicola lustrica, on lily leaves 

stems of Cow Lily, White Lily (Nymphaea). 
and Pond-weed. Ancylus parallelus, on under sur- 

face of Cow Lily and White Lily. 

CRUSTACEA (AMPHIPODA). 

Hyalella knickerbockeri, on under surface of lily leaves. 

Station XI. Poppyeur Point, Bre Bay (Fiextp No. 228). 
Fie. 13. 

This habitat extends well into the bay. It is shallow for 
a considerable distance, averaging about eighteen inches, but 
becomes abruptly deeper, especially on the Poddygut Bay 
side where a depth of six feet occurs. The bottom is very 
stony and bouldery on a hard sandy substratum. The 
habitat is open and fully exposed to the violence of the waves. 

ANIMAL LIFE. 

MOLLUSCA. 

Elliptio complanatus, 2-3 inches Margaritana  margaritifera, 3 
long, common. inches long, rare. 

Galba emarginata, all dead, rare. 

INSECTA. 

Caddis-fly larvee (Helicopsyche borealis). 

Sration XII. Srconp Bay-trkre INDENTATION WEST OF 

Suaw Pornt (Fretp No, 232). Fie. 13. 

The shore line of this habitat is usually devoid of vegeta- 
tion. <A ridge of debris, washed in by the waves, usually bor- 
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Station V. Ice House Bay, habitat 1. View looking north 
from Milton Point. The vegetation consists of Scirpus 
americanus and S. occidentalis with a few Potamogeton 
natans. The People’s Ice Company’s storage plant in the 
background. 

Big. 13. View northwest from Shaw Point, looking across Poddygut 
Point to Willow Point, Poddygut Bay being seen on th2 
right. The first point in the distance is Deer Point and the 
second, the dark line just above, is Dry Land Point. Station 
XII is in the foreground, the vegetation being principally 
Scirpus americanus and S. occidentalis, with a few Dian- 
thera. 
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ders the edge of the shore at the distance inland of a foot. 
The water is from 10 to 30 inches deep, the bottom is hard 
sand with some boulders, and the vegetation consists of Bul- 
rush and Water Willow, the latter in a patch on the shoreward 
edge of the Scirpus association. 

American Bulrush (Scirpus ameri- Water Willow (Dianthera ameri- 
canus) . cana). 

Lake Bulrush (Scirpus occiden- 
talis). 

ANIMAL LIFE. 

The shore debris contained the following species, all being 
dead and representing several habitats. 

MOLLUSCA. 

Elliptio complanatus. Planorbis binneyt 
Anodonta marginata. Galba catascopium 
Anodonta cataracta. Galba emarginata. 
Anodonta grandis footiana. Physa ancillaria warreniana. 
Spherium striatinum. Bythinia tentaculata, 
Planorbis campanulatus. Somatogyrus subglobosus. 
Planorbis antrosus : 

INSECTA. 

Caddis-fly larve (Helicopsyche  Cadis-fly cases (Leptocella  spe- 
borealis) . cies). 

Sration XIII. First Bay-tixe InpEntTATION WEST OF 

Suaw Point (Fretp Nos. 205, 207, 
227). Hie. 14, 

This habitat is similar to that of Station XII, except that 
the land bordering the shore is higher (about 10 feet) and 
contains several large trees. 

Borrom: Hard, sandy, gravelly and bouldery in spots. 

Water: 10 to 48 inches deep. 

VEGETATION. 

Water Willow (Dianthera ameri- Lake Bulrush (Scirpus occiden- 
cana). talis) . 

American Bulrush (Scirpus ameri- 
canus) . 
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ANIMAL LIFE. 

MOLLUSCA. 

Elliptio complanatus, in sand be- Lampsilis radiata, on sand between 
tween stones. stones. 

Margaritana margaritifera,insand  Goniobasis livescens, on stones. 
between stones. Galba catascopium, on stones. 

Lampsilis luteola, in sand between Physa integra, on stones. 
stones, 1 female gravid. 

The debris along the beach yielded 16 species of mollusks, 
as noted below. ‘The vast number of shells on shore attest 
the multitude of molluscan forms living in this part of the 
lake. 

Blliptio complanatus, common. Campeloma integrum, rare. 
Margaritana margaritifera, rare. Bythinia tentaculata, common. 
Lampsilis radiata, common. thysa ancillaria warreniana, com- 
Lampsilis borealis, common. yon. 
Lampsilis wis, rare. Planorbis campanulatus, very com- 
Spharium vermontanum, common. mon. 
Goniobasis livescens, common. Planorbis antrosus, rare. 
Somatogyrus subglobosus, common. Planorbis trivolvis, rare. 
Gillia altilis, common. Galba catascopium, very common, 

Station XIV. Suaw Pornt (Fietp No. 231). 

This habitat is a bold poimt of land extending well into 
the lake. The shore is rather high (about 6 feet above the 
lake) and is without vegetation. 

Borrom: Very bouldery. Warsr: 6 to 24 inches deep. 

VEGETATION. 

Bulrush (Scirpus americanus). A green filamentous algze 
covers the rocks near the shore and in this Planurbis binneyt, 
Gontobasis livescens and Lymnwa stagnalis lilliane were 
found abundantly, feeding. Physa and Planorbis cam- 
panulatus were found on the Scirpus. 

ANIMAL LIFE. 

MOLLUSCA. 

Elliptio complanatus,shells eroded. Planorbis hirsutus, on bottom be- 
Lymnea stagnalis lilliane, on tween rocks. 

rocks near shore feeding onalge. Goniobasis livescens, on rocks. 
Planorbis binneyi, on rocks near Physa ancillaria warreniana, on 

shore feeding on alge. Scirpus. 
Planorbis campanulatus, on Scir- 

pus. 
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Station XV. Baker Pornr (Frerp No. 78). 

On the sandy and bouldery beach at this locality Doctor 
Adams and Professor Hankinson collected the following 
species: 

Anodonta  <implicata, common, Llliptio complanatus, common, 
pravid. small (2-3 inches). 

Anodonta grandis jootiana, not Margaritana margaritifera, rare, 
common. surface decorticated. 

Station XVI. Scrrpa Creek, Constantia (Frietp Nos. 
202, 203, 206). 

Scriba Creek is eighteen miles long and is a large, clear, 
rapid flowing stream emptying into Oneida Lake at the vil- 
lage of Constantia. Its headwaters rise in the Town of 
Amboy. At its mouth it is upward of 6 feet in depth, and 
the bottom is sandy; north of the bridge, and above the june- 
tion of Frederick Creek, the bottom is very rocky, the eur- 
rent swift and the water shallow (6 to 15 inches deep). 
Beneath the rocks and clinging to them occur a number of 
forms of life, as noted below, which form desirable food for 

the fish in the stream. 

ANIMAL LIFE. 

MOLLUSCA. 

Ancylus tardus, abundant on rocks. 

CRUSTACEA. 

Crawfish (Cambarus bartoni ro-  Crawtish (Cambarus propinquus) 
bustus) male of II form and male of II form and _ female, 
female, among and under stones. among and under stones. 

INSECTA. 

Water-penny, larva of beetle Caddis-fly cases (Neophylax spe- 
(Psephenus lecontei), on stones. cies), on bottom, among stones. 

Caddis-fly cases  (Helicopsyche  Stone-fly (Perla species), nymph. 
borealis), on stones. Stone-fly (Acronewria species), 

nymph. 
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Habitat 1. Small pool formed by caving in of bank, pro- 
tected from rapid moving water by portion of bank and by 
stones.( Field No. 204). 

Borrom: Muddy. Warer: 8-12 inches deep. 
VEGETATION: Algze. 

ANIMAL LIFE. 
MOLLUSCA, 

Planorbis trivolvis, on alge and Physa gyrina, on alge and dead 
dead leaves. leaves. 

Planorbis hirsutus, on alge and 

dead leaves. 
CRUSTACEA. 

Amphipod (Hyalella knickerbockeri), among leaves. 

INSECTA. 

Damsel-fly (Hnallagma species), Water beetle (Tropisternus gla- 
nymph. ber). 

Habitat 2. In Seriba Creek and its tributary, Frederick 
Creek, at and near junction of these two streams (Field No. 
ras $5). 

Borrom: Muddy. Warerr: 2-3 feet deep. 

Elliptio complanatus was the only mollusk observed and 
the crawfish Cambarus bartont robustus the only other 
invertebrate. 

Station XVII. Frepertck Creek, Constantia (FIELD 
No. 201). 

This creek is a tributary of Seriba Creek. Near its head 
the State Fish Hatchery buildings are situated. The creek 
varies in its physical relations, in some places forming quiet 
pools and in others running rapidly over stones. Near the 
hatchery buildings the bottom is composed of fine, impalpable 
mud. On and in this mud three species of mollusks were 
observed. 
Elliptic complanatus, common and Campeloma decisum, common and 

large. rusty in color. 
Strophitus edentulus, one dead 

shell. 
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Station XVIII. Larar Ponp aBpove Hatcuery Burrp- 

ines (Fretp No. 200). 

This pond was formed by damming Frederick Creek above 
the hatchery buildings. Its depth was not ascertained but 

a 7 : 
probably does not exceed a few feet. ‘Two species of mollusks 
were observed on the muddy shores. 

Anodonta grandis, common. Campeloma decisum, common. 

II. South Shore from Brewerton East to Lower South 

Bay. 

Station XIX. Bay-trke INDENTATION Onzn-Hatr MILE 

West or Sueparp Point (Fietp Nos. 
225, 238). Fias. 15, 16. 

In this habitat the shore is devoid of vegetation, except in 
limited areas where there are clumps of Black Willow (Salva 
nigra var. falcata), Buttonbush (Cephalanthus occidentalis), 
and Iris (/ris versicolor). The shallow water near the shore 
in such places, usually contains a fringe of Swamp Loose- 
strife (Decodon verticillatus). Occasionally a mass of vege- 
tation extends into the lake, forming a point. This consists 
of Pickerel weed, American Bulrush (Scirpus americanus) 

and Water Willow. Scirpus smithi may also be present (see 
Fig. 15). Away from the shore, where the water is from 
2 to 4 feet deep, there is an association of Water Willow, Bul- 
rush (Scirpus occidentalis) and Piekerel-weed (see Fig. 
16). The bottom is of hard sand with a few boulders. The 
sandy bottom contained a large number of. species of 
mollusks. 

ANIMAL LIFE. 

MOLLUSCA. 

Elliptio complanatus, abundant. Pisidium henslowanum, common. 
Margaritana margaritifera, rare. Pisidium species, rare. 
Spherium vermontanum, common. Valvata tricarinata, common. 
Pisidium variabile, common. Amnicola limosa, rare. 
Pisidium compressum levigatum, Amnicola lustrica, abundant and 

common. variable in form. Adult and - 
Pisidium cequilaterale, rare. young present. 



Fig. 14. Station XIII, looking northwest from Shaw Point, across first 
bay-like indentation west of the point. Note area near shore 
which is bouldery and free from vegetation. Zone of vege- 
tation consists of Dianthera and Scirpus americanus and N. 
occidentalis. Trees on distant point are Salix nigra var. 
falcata. Several associations of Scirpus americanus may be 
noted near the shore in the upper right-hand side of the 
picture. 

Fig. 15. Shore of bay west of Shepard Point, Station XIX. Decodon, 
Salia, and Jris at shore. The point of vegetation in the 
distance consists of Dianthera, Pontederia, Scirpus ameri 
canus and Scirpus smithii. 
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Goniobasis livescens, rare, mostly  Planorbis campanulatus, rare. 
young, 5 mill. long, strongly car- Planorbis antrosus, common, adult 
inated. and young. 

Bythinia . tentaculata, abundant, Planorbis hirsutus, all immature. 
both adult and young. Galba catascopium, abundant, adult 

Physa ancillaria warreniana, rare, and young. 
young. 

INSECTA. 

Caddis-fly larve (Helicopsyche Caddis-fly case (Molanna species) . 
borealis), abundant. Caddis-fly case (Phylocentropus 

Caddis-fly case (Leptocella spec- species). 
ies). Dragon-fly nymph (/schna spec- 

ies). ; 

In this habitat, the large number of Prsidia present is note- 
worthy. The abundance of small mollusks and the large num- 

ber of species of this group (18) shows this habitat to be a 
good feeding ground for bottom feeding fish, such as pump- 
kinseed and suckers s, as well as turtles. 

Station XX. Snueparp Pornt (Fiery Nos. 248, 275, 
Did) 

The Shepard Point region is not characterized by a sharp 
projection of land, as is the case with other localities called 
“Points ” but is a fairly uniform, rounded area about a mile 
or less in length. The banks here are very steep and bluff- 
like, rising some 20 feet above the level of the lake. A sandy, 
gravelly or bouldery beach lies at the foot of this bluff (Fig. 
ti). 

Borrom: Very bouldery. Warrer: Gradually deepen- 
ing from 6 inches to 4 feet. 

VEGETATION. 

Water Willow (Dianthera ameri- Lake Bulrush (Scirpus occiden- 
cana). talis) . 

The Bulrush society borders the lakeward side of the Water 
Willow society. Animal life was here abundant, as noted 
below, the clams living in the sand between the rocks and 
the snails on the rocks or vegetation. 



The Relation of Mollusks to Fish in Oneida Lake 63 

ANIMAL LIFE. 

MOLLUSCA, 

Llliptio complanatus, small, abund- Physa ancillaria warreniana, not 
ant between rocks. common, on rocks. 

Anodonta implicata, common. Planorbis campanulatus, abundant, 
Lampsilis iris, rare. on rocks. 
Strophitus undulatus, rare. Planorbis antrosus, rare. 
Goniobasis livescens, abundant on  Planorbis binneyi, rare. 

rocks. : Galba catascopium, abundant, on 
Campeloma integrum, rare (1 speci- rocks. 

men). Lymnea stagnalis lilliane, rare (1 
Bythona tentaculata, rare(1 speci- immature specimen) . 

men). 

CRUSTACEA. 

Crawfish (Cambarus propinquus), female, between rocks, common. 

Galba catascoprum and Planorbis campanulatus were 
observed on the submerged stem of the Water Willow. 

Station X XI. Musxrat Bay. 

Habitat 1. Point at west entrance to bay (Field Nos. 243, 
244), 

This habitat includes the area extending from the rounded 
point of land which forms the west shore of Muskrat Bay, 
well into the western side of the bay, as it all belongs to the 
same character of habitat. The shore is here bare of vegeta- 
tion and forms in some places an overhanging bank upwards 
of a foot above the water, and in other places a smooth sloping. 
beach (Fig. 18). 

s3orrom: Pouldery, sandy in the deeper water. Water: 
6 to 36 inches deep. 

VEGETATION. 

Bulrush (Scirpus occidentalis) . 

ANIMAL LIFE. 

The clams live between the rocks in the sandy bottom of 
the deeper water, where they are more numerous. The snails 
live abundantly on the rocks and are less common in the . 
deeper water with sandy bottom. 
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MOLLUSCA, 

Elliptio complanatus, abundant. 
Anodonta cataracta, common. 

Anodonta  implicata, common, 
gravid. 

Anodonta grandis footiana, rare. 
Lampsilis luteola, rare, gravid. 
Lampsilis radiata, abundant. 
Spherium vermontanum, rare. 
Goniobasis livescens, abundant, on 

rocks. 

Amnicola lustrica, rare. 

Physa ancillaria warreniana, rare. 
Planorbis campanulatus, rare, on 

rocks. 
Planorbis hirsutus, rare. 
Galba catascopium, common, on 

rocks, 
Galba emarginata, 1 dead speci- 

men. 

INSECTA. 

Caddis-fly larve (Helicopsyche borealis). 

Habitat 2. 

Fig. 18. 

Borrom: 

WATER: 

VEGETATION: 

2-3 feet deep. 
Zonal. 

Western part of Muskrat Bay (Field No. 239). 

Sandy silt, near shore, bouldery near center. 

Zone A.—Shore. 

Water Willow (Dianthera ameri- 
cana). 

Broad-leaved Arrow-head 
taria latifolia). 

Pickerel-weed  (Pontederia 
data). 

(Sagit- 

cor- 

Bur-reed (Sparganium  ewryear- 
pum). 

American Bulrush (Scirpus ameri- 
canus) . 

Lake Bulrush (Scirpus occiden- 
talis). 

Zone B. Center of Bay. 

Lake Bulrush (Scirpus occidentalis) . 

ANIMAL LIFE. 

Mollusks were abundant in the sand and among the 
boulders, especially in Zone Bb. 

MOLLUSCA. 

Elliptio complanatus, abundant. 
Alasmidonta undulata, rare, only 

one found. 
Anodonta margimata, rare. 
Anodonta cataracta, common, 

gravid. 

Anodonta 
gravid. 

Anodonta grandis footiana, com- 
mon. 

Spherium vermontanum, common. 
Campeloma integrum, common, in 

sand. 

amplicata, common, 
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INSECTA, 

Caddis-fly larve (Helicopsychke borealis), common on shells of Hllip- 
tio complanatus. 

HIRUDINEA. 

Leech (Placobdella phalera, probably juv.) 

Habitat 3. Southeast side Muskrat Bay (Field Nos. 246, 
247). 

Borrom: Sandy with oceasional boulders. Water: 2 
to 3 feet deep. 

VecEeration: Zonal. 

Zone A. Shore, water 10-24 inches deep. 

Narrow-leaved Cat-tail (Typha  Broad-leaved Arrow-head (Sagit- 
angustifolia) . taria latifolia). 

Bur-reed .(Sparganium eurycar- American Bulrush (Scirpus ameri- 
pum). canus) . 

Zone B. More open water 2-3 feet deep. 

Pickerel-weed (Pontederia cor-  Sweet-scented Water Lily (Cas- 
data). talia odorata). 

Lake Bulrush (Seirpus occiden- Cow Lily (Nymphwa advena). 
talis) . Floating Pond-weed (Potamogeton 

natans). 

SUBMERGED VEGETATION. 

Water Weed (Hlodea canadensis). Water Celery (Vallisneria spira- 
Hornwort (Ceratophyllum demer- she 

sum). Clasping-leaved Pond-weed (Pota- 
Water Milfoil (Myriophyllum spi- mogeton perfoliatus) . 

catum). Stonewort (Chara species). 

ANIMAL LIFE (IN ZONE B). 

MOLLUSCA. 

Anodonta cataracta, 1 juvenile 9 Galba catascopium, common, on 
mill. long. stray boulders. 

Spherium striatinum, infrequent. Planorbis campanulatus, on under 
Amnicola lustrica, common, adult surface of lily leaves. 

and young. 
INSECTA. 

Caddis-fly larvee (Helicopsyche borealis). 

3 
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Station XXIJ. Fiecen Port (Frexrp No. 241). 

Fiegel Point marks the eastern boundary of Muskrat Bay. 
It is a bare, windswept area, the vegetation being a heavy 
growth of Water Willow (Dianthera americana) in water 
from 1 to 3 feet in depth. The bottom is gravelly or bouldery. 
Mollusks were very abundant. 

ANIMAL LIFE. 

MOLLUSCA. 

Anodonta implicata, gravid, com- Gomobasis livescens, common, on 
mon. rocks. 

Anodonta cataracta, common. Galba catascopium, abundant, on 
Elliptio complanatus, common. rocks. 
Spherium vermontanum, rare. Physa ancillaria warrenana, rare. 

young. 

INSECTA. 

Caddis-fly larve (Helicopsyche borealis), abundant on rocks. 

Sration XXIII. Watnur Point (Fie. 19). 

This habitat is a long, narrow point extending in a north- 
erly direction for a distance of over a quarter of a mile into 
the lake. The point itself turns to the northeast almost at a 
right angle. The water about this point is from 1 to 3 feet 
in depth and the bottom is very bouldery. The only vegeta- 
tion is the Water Willow (Dianthera americana). 

ANIMAL LIFE. 

MOLLUSCA, 

Goniobasis livescens, abundant, on lliptio complanatus, common, be- 
rocks. tween rocks. 

Galba catascopium, abundant, on 
rocks. 

Adams and Hankinson collected the leech, Hamopis 
marmoratis, in considerable numbers on Walnut Point and on 

the shore east of the point, Sept. 38, 1915. 



Fig. 16. Station XIX. Shore of bay west of Shepard Point showing 
bare condition. The bottom is sandy. Plant associations in 
distance, in the water, consist of Dianthera, Scirpus occi- 
dentalis, and Pontederia. > 

Fig. 17. Shepard Point from Bartel’s pier, Station XX. The vegeta- 
tion consists of Dianthera and Scirpus occidentalis which 
form a heavy growth along the shore and on the point. The 
man in the boat in the foreground is holding up the crow- 
foot dredge. 
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Station XXIV. Bay East or Watnour Point (Frerp No. 
245). Fie. 19. 

This habitat is a wide bay, lying between Walnut and Old 
Man Points. It is well filled with vegetation which is 
arranged in zones. 

Borrom: Sandy, with occasional boulders. Warrr: 
2-3 feet deep. 

VEGETATION: Zonal. 

Zone A. Bordering shore, water 6-18 inches deep. 

Narrow-leaved Cat-tail (Typha  Broad-leaved Arrow-head (Sagit- 
angustifolia) . taria latifolia). 

Bur-reed (Sparganium  eurycar- 
pum). 

Zone B. The Open Bay, water 2-3 feet deep. 

1 .ckerel-weed (Pontederia cor-  Sweet-scented Water Lily (Cas- 
data). talia odorata). 

Water Willow (Dianthera ameri- Cow Lily (Nymphwa advena). 
cana) . Floating Pond-weed (Potamogeton 

Lake Bulrush (Scirpus occiden- natans) . 
talis) . 

The Water Willow and the Pickerel-weed grow in societies 
which form considerable patches here and there. 

SUBMERGED VEGETATION. 

Clasping-leaved Pond-weed (.Po- Water Weed (Hlodea canadensis). 
tamogeton perfoliatus). Hornwert (Ceratophyllum demer- 

Water Celery (Vallisneria spira- sum). 
lis). Stonewort (Chara species). 

ANIMAL LIFE. 

MOLLUSCA. 

Planorbis campanulatus; common  Elliptio complanatus, common on 
on stems of pickerel-weed two sandy bottom. 
feet below the surface. 



The Relation of Mollusks to Fish in Oneida Lake 69 

Station XXV. Otp Man Pornt (Fietp No. 242). Fia. 
19. 

A broadly rounded point extending into the lake between 
Walnut Point and Long Point. 

Borrom: Bouldery and gravelly. Water: 1 to 3 feet 
deep. 

VEGETATION, 

Water Willow 
cand). 

American Bulrush (Scirpus ameri- 
CARUS ). 

(Dianthera ameri- 

ANIMAL LIFE. 

MOLLUSCA. 

Elliptio complanatus, common, be- 
tween rocks. 

Lampsilis radiata, common, be- 
tween rocks (gravid). 

Lampsilis luteola, rare, 
rocks (gravid). 

Anodonta grandis footiana, 
common, between rocks. 

Goniobasis livescens, abundant, on 
rocks, 

between 

not 

Galba catascopium, abundant, on 
rocks. 

Lymnea stagnalis lilliane, abund- 
ant, on rocks, near shore. 

Planorbis campanulatus, abundant, 
on rocks. 

Planorbis hirsutus, not common, 
between rocks. 

Physa ancillaria warreniana, 
abundant, on rocks near shore. 

Station XXVI. Lone Pornt (Fiexrp No. 240). 

Long Point is a narrow piece of land extending into the 
lake eastward for about three-quarters of a mile. It is about 
one-eighth of a mile wide and is bordered on both sides by 
shallow bays filled with vegetation (Fig. 21). The habitat 
under discussion is at the extreme end of the point, on the 
north side. 

Between Long Point and Frenchman Island several shal- 
lows occur (see map, Fig. 1), which are covered with a 
heavy growth of Water Willow (Dianthera) surrounded by 
two species of Bulrush (Scirpus americanus and S. occiden- 
talis). These shoals are from 3 to 5 feet deep and are sur- 
rounded by water from 12 to 15 feet deep. They are plainly 
indicated by the dense association of Water Willow (Fig. 20). 
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The animal life is the same as that found nearer the shore 

on Long Point. 

Borrom: Bouldery on point, sandy in western part of 
embayment. Water: 1 to 2 feet deep. 

VEGETATION. 

Water Willow (Dianthera ameri- Lake Bulrush (Scirpus oceciden- 
cana). talis). 

American Bulrush (Scirpus ameri- 
canus ). 

ANIMAL LIFE. 

MOLLUSCA. 

Elliptio complanatus, common, be- 
tween rocks. 

Lampsilis radiata, 
tween rocks. 

Anodonta implicata, rare, between 
rocks. 

Anodonta cataracta, common, be- 
tween rocks, gravid. 

common, be- 

Goniobasis livescens, abundant, on 
rocks. 

Galba catascopium, abundant, on 
rocks. 

Lymnea stagnalis lilliane, rare, 
on rocks along shore. 

Planorbis antrosus, rare, on rocks. 
Planorbis campanulatus, common, 

Spherium vermontanum, not com- on rocks. 
mon. Physa ancillaria warremana, on 

Scirpus. 

INSECTA. 

Caddis-fly larvee (Helicopsyche borealis), abundant on rocks. 

Station XXVII. Lower Soutn Bay. 

Two places were examined at this station. 

Habitat 1. Steamboat Wharf. Mollusks on stones and 
loose timbers in a few inches of water, on protected side 
(Field No. 278). 
Bythimia tentaculata, abundant. 
Planorbis trivolvis, abundant. 
Physa integra, common. 

Habitat 2. Debris on shore, near Thierre’s landing 
(Field No. 280). The shore in several places was paved with 
the dead shells of mollusks, clearly attesting the abundance 
of these animals in the bay. Species marked with an * were 
very abundant. 

Anodonta marginata, dead speci- 
men on shore. 
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*Elliptio complanatus. Amnicola lustrica. 
Lampsilis radiata. Bythinia tentaculata. 
Lampsilis borealis. Valvata bicarinata normalis. 
Spherium vermontanum. Physa ancillaria warreniana. 
Goniobasis livescens. Physa integra. 
Campeloma integrum. *Planorbis campanulatus. 
Somatogyrus subglobosus. Planorbis antrosus. 
Gillia altilis. *Galba catascopium. 

Station XXVIII. Graves Bay (Fierp No. 98). 

From shallow water, on a bouldery bottom, Dr. Adams col- 
lected Lymnea stagnalis lilliane in great abundance. 

Station XXIX. Currrenanco Creex (Frierp No. 90). 

East of mouth of Chittenango Creek, on sandy beach, from 
knee deep to shore on firm sand or firm black mud. Clams 
abundant (collected by Adams and Hankinson). 

Elliptio complanatus, badly eroded. Lampsilis luteola, gravid. 

Adams and Hankinson found leeches, Hamopis marmora- 
fis, feeding in a lamprey scar on a dead catfish, in Maple 
Bay, Sept. 2, 1915. 

III. Islands in the Lake. 

In addition to the two large islands in the western part of 
the lake (Frenchman and Dunham), there are several small 
islands and shoals, the former being but a foot or so above 
the surface of the water, and the: latter one or two feet 
beneath the surface. These islands have proven to be among 
the most interesting of the habitats, life being unusually 
abundant. 

Sration XXX. Frencuman Isianp, Norrueast Spe. 

Frenchman Island is situated about a mile east of Long 
Point. It is a high body of land rising about eleven feet 
above the surface of the lake. On the west, north and east 
sides there are strong wave-cut terraces but the south side 
is low and lacks this bold character. A shallow zone, or 
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terrace, surrounds the island. This is notably broad on the 
north, east and south sides, where the water is from 2 to 4 
feet deep, but on the west. side there is an abrupt drop to 
8 feet. A quarter of a mile west of the island the water is 
15 feet deep, and east of the island it is 20 feet deep. 

Habitat 1. Fig. 22. (Field No. 213.) This habitat. is 
a quiet water, pond-like tract, separated from the open lake 
by a ridge, in some places subaqueous, upon which the follow- 
ing plants are growing: 

Buttonbush (Cephalanthus occi- Swamp Loosestrife (Decodon vertt- 
dentalis). cillatus) . 

Water Willow (Dianthera ameri- 
cana). 

Inside this lakeward barrier the water lies in a long shallow 
pool, not exceeding 20 inches in depth. The bottom is soft 
silt in spots, for the depth of a few inches, then hard sand or 
clay. It is mostly of firm material. The vegetation is very 
dense and consists of: 

Broad-leaved Arrow-head (Sagit- Water Willow (Dianthera ameri- 
taria latifolia). cand). 

Smith’s Bulrush (Scirpus smithii). Sedge (Carex trichocarpa) . 
Larger Blue Flag (Iris versicolor) . 

The subaqueous terrace on the northeastern side of the 
island is characteristic and clearly shows its origin. The 
material cut from the high part of the island has been ear- 
ried lakeward. forming the wide, submerged terrace. The 
sequence of events as shown here is noteworthy. Below the 
high terrace formed by the island there is an area of stones 
and boulders which represents the first bouldery beach. The 
sandy area in habitat 1 was the deeper water not subject to 
violent wave action. Later the water had been lowered and 
a barrier was formed which arrested the force of the waves. 
This became covered with bushes and other plants, providing 
a very effective barrier. The lake again sorted the material 
on the new beach and the bouldery habitat, No. 2, was the 
result. 



Fig. 18. 

Fig. 19. 

Station XXI, habitats 1 and 2, Muskrat Bay. Inside the 
point is a small bay (habitat 2) with sandy shores and 
bottom, m which Scirpus americanus, S. occidentalis, Ponte- 
deria, Dianthera, and Sparganium are found. Salix nigra 
falcata forms a dense growth a few feet back of the sandy 
beach. 

Stations XXIV and XXV. View from Old Man Point iooking 
across a small bay, station XXIV. Walnut Point is seen ir: 
the distance. The vegetation in the foreground is Scirpus 
americanus ; in the middle distance, Dianthera and Scirpus 
occidentalis; in the background, near Walnut Point, 
Pontederia, Dianthera, Castalia, Nymphaa, Scirpus ameri 
canus and 8S. occidentalis. 
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ANIMAL LIFE. 

MOLLUSCA. 

Elliptio complanatus, rare, two 
specimens found; emigrants from 
the next station. 

Lymnea stagnalis lilliana, 
mon, on bottom and plants. 

Lymnea stagnalis lilliane, eggs on 
stems of plants. 

Galba catascopium, abundant on 
bottom and plants, a migrant 
from station XXX. 

com- 

Planorbis trivolvis, var., abundant, 
on bottom and plants. 

Planorbis campanulatus, not com- 
mon, on plants. 

Physa ancillaria warreniana, not 
common, on plants and bottom. 

Succinea retusa, in pool on Water 
Wiilow. 

INSECTA. 

Back-swimmer (Notonecta wndu- 
lata), Common. 

Water-strider (Gerris  buenoi), 

common. 
Small Water Bug (Belostoma 

flumineum), nymph, common. 

Water-scavenger Beetle (T'ropister- 
nus glaber), abundant. 

Water-scavenger Beetle 
drus cinctus), common. 

(Philhy- 

Preaaceous Diving Beetle (Lacco- 
philus maculosus), abundant. 

Dragon-fly nymph (A?schna_ spe- 
cles). 

Diagon-fly nymph (Gomphus sordi- 
dus). 

Damsel-fly 
species). 

Damsel-fly (Hnallagma species) . 
Nymph. 

nymph (Hnallagma 

It is probable that such species as Galba catascopium and 
Elliptio complanatus are emigrants from the next station, as 
there are one or more wide connections between this pool and 
the open lake. In times of storm or high water the barrier 
must be covered with water and is of little avail as a barrier. 
The Planorbis trivolvis is not the large, narrow form typical 
of swampy ponds, but a wider, smaller form, evidently closely 
related to binneyt. 

It is evident from a study of the habitats on Frenchman 
Island, that a rapid change is going on, and that the environ- 
ments are in a transition stage from open lake to swamp habi- 
tats.. Station X XX indicates how this may come about by 
the formation of a lakeward barrier which more or less effec- 
tually bars the rough water of the open lake. This area 
becomes inhabited by those animals, insects and mollusks, 
that thrive best in calmer water. When such a habitat 
becomes entirely closed to the lake, preventing the influx of 
fresh water, a true swamp takes the place of the lake-shore 
type and the vegetation and the animal life change accord- 
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ingly. Such a transformation is in progress over the entire 
area between Frenchman and Dunham Islands and will 
‘eventually result in the formation of a pure marsh or swamp 
type, separated from the open lake by beach barriers, which 
will support such vegetation as Buttonbush, Swamp Loose- 
strife and Black Willow. The presence of cat-tails and pond 
lies indicate that this transition is now well under way. 

Habitat 2. (Field Nos. 211, 212). Fig. 23. This habi- 
tat begins near the barrier mentioned in habitat 1, where 
the water is six inches in depth and extends lakeward grad- 
ually deepening for 500 feet until a depth of 5 feet is 
reached, at which point the bottom drops suddenly to 12 and 
then to 20 feet. The shoreward margin is lined with Water 
Willow which extends lakeward, in patches, for a distance of 
several hundred feet. The bottom is very bouldery for over a 
hundred feet from the barrier, where it becomes sandy with 
an occasional boulder. 

ANIMAL LIFE. 

MOLLUSCA. 

Anodonta marginata, between Musculiwm securis, rare, between 
stones, in sand, common. 

Anodonta cataracta, between 
stones, in sand, common. 

Anodonta implicata, between 
stones, in sand, common. 

Lampsilis radiata, between stones, 
in sand, common. 

Lampsilis borealis, between stones, 
in sand, common. 

Lampsilis luteola, between stones, 
in sand, rare. 

stones, near shore. 
Musculium rosaceum, rare, be- 

tween stones, near shore. 
Goniobasis livescens, abundant, on 

stones. 
Galba catascopium, abundant, on 

stones. 
Lymnea stagnalis lilliane, com- 

mon, on stones, near shore. 
Planorbis trivolwis, var., abundant, 

usually on stems of plants, near 
Nephronajas ligamentina, rare, shore. 

but one found. Planorbis binneyi, common on 
Blliptio complanatus, between rocks near shore. 

stones, in sand, abundant. Physa ancillaria warreniana, com- 
mon, on rocks and plants. 

INSECTA. 

Caddis-fly larve (Helicopsyche Water-penny, beetle larve (Pse- 
borealis), on rocks, abundant. phenus lecontei), on rocks, abun- 

dant. 

HIRUDINEA. 

Leech (Erpobdella punctata). 



76 College of Forestry 

The Gonobasts varies greatly in width of shell. On the 
shore, back of the Water Willow association, numerous piles 
of empty, clean shells attest the presence of that good clam 
collector, the muskrat. Seven species were noted. A count 
of two related species revealed an interesting relative abund- 
ance of the two sexes. This is shown below. 

Lampsilis radiata, male, 66 per 

cent; female, 34 per cent. 

Lampsilis boredlis, male, 20 per 
cent; female, 80 per cent. 

Sration XXXI. Frencuman Istanp, Sout Sipe. 

For a distance of a third of a mile southeast of the island 

a shallow terrace extends, which ranges from 1 to 4 feet in 
depth. On the edges of this area the water abruptly drops 
to 6 and 8 feet in depth. The two islands, Frenchman and 
Dunham, are joined by a submerged ridge which is not deeper 
than 4 feet, near the latter island. 

The vegetation bordering Frenchman Island is abundant 

and varied and the station is divisible into several habitats. 
The arrangement of the vegetation is also zonal. 

Habitat 1. East of Typha Association. Fig. 24. 

Zone A. The Shore. 

Buttonbush 
dentalis). 

Buttonbush-Loosestrife Association. 

(Cephalanthus occi- Swamp Loosestrife (Decodon verti- 
cellatus) . 

Sedge (Carex trichocarpa). 

Zone B. Burreed-Arrowhead-Nymphaea Association. 

Bortom: Sandy-silt, rather soft. WatTrer: 12-24 
inches deep. 

Bur-reed (Spraganium ewrycar- Pickerel-weed  (Pontederia  cor- 
pum). data). ; 

Broad-leaved Arrowhead (Sagit- Sweet-scented Water Lily (Cas- 
taria latifolia). 

American Bulrush (Scirpus ameri- 
canus). 

talia odorata). 
Cow Lily (Nymphwa advena). 
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Zone C. Bulrush-Water Willow Association. 

30TTOM: 

Water: 2-3 feet deep. 
American Bulrush (Scirpus ameri- 

canus). 

Smith’s Bulrush (Scirpus smithii). 

Borrom: 

Water Willow (Dianthera ameri- 

Hard, sandy with an occasional boulder. 

Water Willow (Dianthera ameri- 
cana). 

Pickerel-weed  (Pontederia  cor- 
data). 

Zone D. Pure Water Willow Association. 

Hard, sandy. Warrer: 2-4 feet deep. 

Lake Bulrush (Scirpus — ocet- 
dentalis ) . cana). 

ANIMAL LIFE. 

Zone B. (Field Nos. 214, 215.) Fig. 24. 

MOLLUSCA. 

Anecylus fuscus, wider side of pond 
lily leaves, common. 

Acella haldemani, on Scirpus 
smithii and on under side of 
pond lily leaves, common, 

Lymnea_ stagnals lilliane, egg 
capsules on lily leaves. 

Lymnea stagnalis lilliane, abun- 
dant on bottom, near shore. 

Galba catascopium, rare, on the 
bottom. 

Planorbis  trivolvis, 
the bottom. 

Planorbis campanulatus, common, 
on all vegetation and on the bot- 
tom. 

Physa ancillaria warreniana, rare, 
on vegetation. 

Bythinia tentaculata, not common, 
on Scirpus and Dianthera. 

Amnicola limosa, rare, on the bot- 
tom. 

common, on 

INSECTA. 

Caddis-fly cases (Helicopsyche  Caddis-fly cases (Leptocella spe- 
borealis). cies). 

Caddis-fly larve (Platycentropus Dragon-fly nymph (Gomphus sor- 
maculipennis) . didus) . 

Lymnea and Planorbis were observed on the bottom and on 
stems of Water-Lily, Arrow-head, Pickerel-weed, and leaves 
of water lily. The best Lymnaea habitat was a strip about 20 
feet wide bordering the shore (Fig. 25), where the bottom 
was of soft, brown material (detritus, see Chapter III). The 
water lily societies occurred in holes about two feet deep, 
which were scattered over this habitat. Acella was abundant 
on lily leaves and especially on Scirpus smithw, where they 
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resembled spines, the spires of the shells pointing upward. 
These animals were observed from six to twelve inches 
beneath the surface. The pond lily leaves afforded food and 
attachment for Planorbis, Acella, Physa, and Ancylus. 

Zone C. (Field Nos. 216, 217). 

MOLLUSCA. 

*Bythinia tentaculata, abundant, 
on bottom and plants. 

Amnicola lustrica, eommon, on 
bottom. 

Valvata bicarinata normalis, rare, 
on bottom. 

Spherium vermontanum, commen, 
on bottom im sand. 

Musculium securis, rare, on bottom 
in sand, 

*“Galba catascopium, not common, 
on plants. 

*Planorbis campanulatus, abun- 
dant, on bottom and plants. 

Planorbis antrosus, common, on 

bottom and plants. 
Planorbis hirsutus, rare, on bot- 

tom. 
Planorbis trivolvis, var., common, 

on bottom and plants. 
Physa ancillaria warreniana, rare, 

on plants. 

The two zones, B and C, overlap to some extent, but no 
Lymnea stagnalis lilliane were found in Zone C. Those 

species marked with an * were more abundant in Zone C than 
in Zone B. In Zone C Bythinia was notably abundant on 
the stems of Water Willow and Smith’s Bulrush. Spherium, 
Ammnicola and Planorbis campanulatus were abundant on the 
sandy bottom. This habitat evidently provides an excellent 
hunting ground for bottom feeding fish, such as pumpkin- 
seed, suckers, and catfish. 

In Zone C several thousand specimens were gathered from 
a depression beside a boulder, in 20 inches of water. This 
contained both dead and living material, mostly the former. 
Twenty-three species of mollusks are represented. The 
large number of individuals contained in this lot strikingly 
attests the great abundance of this class of animals in Oneida 
Lake. Those marked with an * are known especially to be 
eaten by fishes. 

MOLLUSCA. 

vermontanum,  abun- Elliptio complanatus, 8 specimens. 
Alasmidonta undulata, 1 specimen 

6 mill. long. 

*Spheerium 
dant. 

*Muscwlium securis, abundant, 



: Fig. 20. Station XXVI. View from Long Point looking eastward 
toward Frenchman and Dunham Islands. The dark masses 
of vegetation consist almost wholly of Dianthera, which 
occur in well marked associations. Scirpus americanus and 
S. occidentalis fill in the areas between the Dianthera asso 

ciations. 

Station XXVI. View from Long Point looking northwest 
toward a small point of land (see map, fig. 1). This is a 
small, sandy embayment, with the same vegetation shown in 
fig. 20. Scirpus is here of heavier growth than shown in 
the previous figure. The man shows one method of collect- 
ing material with the Walker hand dredge. 
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Pisidiwm ferrugineum, rare (1 
specimen ). 

*Pisidium variabile, common. 
*Pisidium compressum levigatum, 
abundant. 
Pisidiwm species, rare. 
*Amnicola lustrica, abundant. 
Amnicola lustrica, var., rare (1 

specimen). 
*Amnicola limosa, common. 
*Bythinia tentaculata, very abun- 

dant. 
Campeloma integrum, rare. 

*Valvata tricarinata, abundant. 
*Galba catascopium, abundant. 
Planorbis trivolvis, not common. 
*Planorbis antrosus, common. 
*Planorbis campanulatus, abun- 

dant. 
*Planorbis exacuous, rare. 
*Planorbis hirsutus, rare. 
*Planorbis parvus, common. 
*Physa ancillaria warreniana, com- 

mon. 
Physa mtegra, uncommon. 

INSECTA. 

Caddis-fly 
borealis). 

Caddis-fly cases (Molanna species) . 

larve  (Helicopsyche 

Habitat 2. 

Caddis-fly eases (Leptocella spe- 
cles). 

Caddis-fly cases (Limnephilid spe- 
cles). 

Typha Association. (Field No. 218). Fig. 25. 

This is a pure association of the Narrow-leaved Cat-tail 
(Typha angustifolia). The only other plant present on the 
surface was the Larger Duckweed (Spirodela polyrhiza). 

Borrom: Muddy, with accumulation of dead plant debris. 

Water: 16-24 inches deep. 

ANIMAL LIFE. 

MOLLUSCA. 

*Planorbis parvus, common, on *Lymnea stagnalis lilliane, float- 
dead T'ynha leaves. 

*Planorbis exacuous, common, on 
dead Typha leaves. 

*Ancylus fuscus, abundant on dead 
Typha leaves. 

*Planorbis trivolvis, abundant on 
dead vegetation. 

*Lymnea stagnalis lilliane, egg 
capsules on dead Typha leaves. 

ing in water among debris. 
Bythinia tentaculata, 2 young in- 

dividuals. 
Valvata bicarinata normalis, 1 in- 

dividual. 
Anodonta cataracta, I individual, 

1% inches long, on bottom. 
Lampsilis radiata, 1 individual, 1 

inch long, on bottom. 

Those names marked by an * may be considered as normal 
inhabitants of this habitat. The others have been washed in. 
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Habitat 3. Nymphwa-Pontederia Association. 

This habitat (Field No. 219) les west of the Typha asso- 
ciation. The vegetation is unusually thick. Fig. 26. 

Borrom: Sandy mud. WATER: 12-24 inches deep. 

VEGETATION, 

Pickerel-weed 
data). 

Cow Lily (Nymphea advena). 

( Pontederia cor- Sweet-scented Water Lily (Cas- 
talia odorata). 

ANIMAL LIFE. 

MOLLUSCA. 

Lymnaea stagnalis lillianw, com- 
mon. 

Planorbis trivolvis, abundant. 

These mollusks were observed floating on the water, shell 
downward, or on the leaves of pond-lilies, or on the stems of 
Pickerel-weed. Near the T'ypha association a mud-bog is 
forming. In one spot the mass of dead vegetation, mud and 
living T'ypha have formed a trembling bog, floating on the 
surface. 

Habitat 4. (Field Nos. 209, 220, 221). Amn area com- 
paratively free from water plants, not far from shore, subject 
to moderate wave action, although protected by a zone of 
Water Willow about 100 feet from shore. 

Borrom: 
6-15 inches deep. 

Hard, stony and bouldery, on sand. Warer: 

ANIMAL LIFE. 

MOLLUSCA. 

Ancylus parallelus, in dead shells 
of clams, common. 

Planorbis hirsutus, 1 specimen, on 
rock, 

Planorbis campanulatus, 4 speci- 
mens, 1 distorted, on rocks. 

Planorbis binneyi, 3 specimens, 
young, on rocks. 

Planorbis antrosus, 2 specimens, 
on rocks. 

Galba catascopium, 
rocks, many young. 

common, on 

Physa ancillaria warreniana, com- 
mon, on rocks. 

Bythinia tentaculata, abundant, 
in dead shells of clams, mostly 
young. 

Amnicola lustrica, abundant, in 
dead shells of clams, mostly 
young. 

Campeloma integrum, 1 specimen, 
half grown, 
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: ee pene ; 
The dead shells of six species of clams were noted, the first 

four containing Ancylus, Ammicola, and Bythinia. 

Elliptio complanatus. Anodonta grandis footiana. 
Lampsilis radiata. Anodonta marginata. 
Lampsilis borealis. Anodonta implicata. 

INSECTA. 

Caddis-fly larve (Helicopsyche Caddis-fly cases (Leptocella spe- 
borealis). cies). 

Srarion XXXII. Sourn SuHore Frencuman Isuanp. 

Near the shore, in damp or even wet spots, many land 
snails, Polygyra thyroides, were observed. Twenty feet from 
the shore they were seen to feed upon the leaves of the nettle 
(Urtica, Field No. 222). Some of the shells of the snails 
were rose colored. 

Station XX XIII. Lone Istanp (Fretp Nos. 208, 148). 
Fies. 27, 28. 

Long Island is a long, low body of land, a trifle more than 
a mile south of Constantia. It is situated in the center of a 
cluster of five large islands and shoals (three islands and two 
shoals), and lies in a northwest by southeast direction. It is 
a trifle more than an eighth of a mile long and about 20 feet 
wide. The water immediately surrounding the island is 
shallow (1 to 2 feet deep), but drops to 8 and then to 18—24 
feet a short distance away. The shallowest spots are at the 
north and south ends, where they extend eastward and west- 
ward for the distance of an eighth of a mile (Fig. 28). 
Sedges (Carex trichocarpa) and other plants are growing 
upon the narrow islet and slowly adding to its surface. The 
bottom in the shallow water is bouldery and the vegetation 
consists of Water Willow (Dianthera americana) and Bul- 
rush (Scirpus occidentalis, S. americanus). Animal life is 
exceedingly abundant, covering the boulders and clinging to 
the water plants. The island is exposed on all sides to the 
rough waves of the lake, which, however, are modified in 
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spots by the thickness of the colonies of Water Willow, which 
form a dense barrier 20-25 feet from the shore. 

27.) 
(See Fig. 

MOLLUSCA. 

Elliptio complanatus, abundant, 
between rocks. 

Margaritana margaritifera, 
between rocks. 

Lampsilis radiata, common, be- 
tween rocks (gravid). 

Lymnaea stagnalis lilliane, abun- 
dant, on rocks, near shore. 

rare, 

Galba catascopium, 
rocks and plants. 

Planorbis  binneyt, 
rocks, near shore. 

Planorbis campanulatus, common, 
on rocks and plants. 

Physa ancillaria warreniana, com- 
mon, on rocks and plants. 

common, on 

common, on 

Lymnea stagnalis lillane, egg 
capsules on water plants. 

CRUSTACEA. 

Crawfish (Cambarus propinquus), male, of I form. 

INSECTA. 

Water-penny, larve of beetle Caddis-fly larve  (Helicopsyche 
(Psephenus lecontei), on rocks. borealis), common, on rocks. 

HIRUDINEA. 

Leech (Hamopis marmoratis) . 

IV. The Outlet, Brewerton. 

The original character of the outlet, or that part of the 
lake which narrows into the Oneida River, has been greatly 
modified by the Barge Canal. In the portion bordering the 
north shore a channel 12 feet deep has been dredged for the 
Barge Canal. The material taken from this channel has been 
dumped in the outlet bordering the south, or Brewerton 
shore, changing portions of the outlet from comparatively 
deep, vegetation-filled water (5-10 feet) to a very shallow 
(1-3 feet) sandy condition. 

Station XXXIV. (Frerp No. ArTrIFIcIAL IsLANDs. 

235). Fra. 29. 

1-3 feet deep. Borrom: Hard, sandy or stony. WATER: 
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VEGETATION. 

Water Willow (Dianthera ameri- Swamp Loosestrife (Decodon verti- 
cana). cillatus) . 

Broad-leaved Arrow-head (Sagit- Sedge (Carex trichocarpa). 
taria latifolia) . 

ANIMAL LIFE. 

MOLLUSCA. 

Vivipara contectoides, abundant. Goniobasis livescens, rare. 
Campeloma integrum, rare. Planorbis campanulatus, rare. 

Station XXXV. Center oF Ovrier, Mopirrep By 
CanaL (Fretp No. 237). East or 
Davison’s Lanpine. 

Borrom: Fine sand. Water: 3-5 feet deep. 

The vegetation is divisible into two classes, aerial and sub- 
merged (figure 30, page 104). 

AERIAL VEGETATION, 

This type of vegetation grows in water from 3 to 5 feet 
in depth, and forms several islands where the plants are 
massed. These islands exhibit a typical zonal disposition of 
plants, each type surrounding a central core in a complete 
circle. One of these islands, situated a few hundred feet 
northeast of the cemetery at Brewerton may be taken as 
typical of these island-like plant associations (Fig. 30). In 
the center the water is but a few inches deep and there is a 
growth of Sedge (Carex trichocarpa); surrounding the 
Carex is a heavy growth of Water Willow (Dianthera amerv- 
cana) followed by a ring of Lake Bulrush (Sctrpus occiden- 
talis). In the center of the south side a bay-like indentation 
occurs, which is protected from the rough water by the heavy 
mat of vegetation, and in this spot are a few Cow Lilies 
(Nymphea advena), Sweet-scented Water Lillies (Castalza 
odorata), Floating Pond-weed (Potamogeton natans) and 
Broad-leaved Arrow-head (Sagittaria latifolia). 



Fie. 22. Station XXX, habitat 1. View looking north on Frenchman 
Island. Sheltered pond-like body of water, separated from 
the lake by a ridge of land covered with Cephalanthus and 

Decodon. The water is filled with a mass of Dianthera, 
Sagittaria, and Scirpus smithii. The Walker dredge placed 
upright indicates the size of the plants. 

Fig. 23. Station XXX, habitat 2. View looking north on open shore of 
Frenchman Island. The shore is lined with a heavy growth 
of Dianthera, back of which, on the left of the picture, may 
be seen several Cephalanthus bushes. The man in the fore- 
ground indicates one method of securing material. 
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SUBMERGED VEGETATION. 

Clasping-leaved Pond-weed (Pota- 
mogeton perfoliatus) . 

Water Celery (Vallisneria spira- 
lis). 

Water Weed (Hlodea canadensis) . 

Hornwort 
mersum) .« 

Water Milfoil 
spicatum) . 

Stonewort (Chara species). 

(Ceratophyllum  de- 

(Myriophyllum 

ANIMAL LIFE. 

MOLLUSCA, 

Elliptio complanatus, in sand, com- 
mon. 

Vivipara contectoides, in sand, 
common. 

Bythinia tentaculata, in vegeta- 
tion, abundant. 

Sration XXXVI. 

Borrom: Sandy silt. 

Galba catascopium, in vegetation, 
not common. 

Planorbis campanulatus, in vegeta- 
tion, common. 

Physa ancillaria warreniana, in 
vegetation, common. 

Near Davison’s Lanprne (Fretp No. 
285). 

WATER: 6-18 inches deep. 

This habitat borders the shore at Brewerton and is thickly 
lined with vegetation, including: 

Narrow-leaved Cat-tail (Typha an- 
gustifolia) . 

Swamp Loosestrife (Decodon verti- 
cillatus) . 

Broad-leaved Arrow-head  (Sagit- 
taria latifolia) . 

Sedge (Carex trichocarpa) . 

ANIMAL LIFE. 

MOLLUSCA. 

Galba palustris, not common. 

Adams and Hankinson found the large leech, Hamopts 
grandis, in a boat here, Sept. 4, 1915. 

Station XXXVITI. Suarer’s Boat Lanpine (Fretp No. 
279). 

This habitat is situated between the land and Zett Island. 

The water is from 2 to 3 feet deep, and the vegetation, all 
submerged, includes: 
Water (Vallisneria 

ralis). 
Water Weed (Hlodea canadensis) . 
Hornwort (Ceratophyllum  de- 

mersum) « 

Celery Spi- Water Milfoil 
spicatum) . 

Stonewort (Chara species). 

(Myriophyllum 
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ANIMAL LIFE. 

MOLLUSCA, 

Elliptio complanatus, common. 
Lampsilis radiata, common. 
Vivipara contectoides, abundant, 

adult and half grown. 
Campeloma integrum, rare. 
Amnicola limosa, not common. 

Amnicola lustrica, not common. 
Galba catascopium, common. 
Planorbis campanulatus, rare. 
Planorbis hirsutus, rare. 
Physa ancillaria warreniana, rare. 

V. Oneida River, Below Brewerton. 

Station XXXVIII. (Fierp No. 267). 

This station is about three-quarters of a mile west of the 
railroad bridge at Brewerton, on the south bank of the river. 
Near shore the water is from 1—2 feet in depth and the bottom 
ismuddy. The river rapidly deepens to 14 feet. Such plants 
as the following border the shore: 

Narrow-leaved  Cat-tail 
angustifolia) . 

(Typha 

ANIMAL 

3road-leaved Arrow-head 
taria latifolia). 

Blue Flag. (Iris versicolor). 

(Sagit- 

LITE. 

Mollusks were noted in the shallow water bordering the 
shore, but they did not appear to be very abundant. 

Elliptio complanatus, small speci- 
mens. 

Lampsilis borealis, 1 gravid speci- 
men. 

Vivipara contectoides, mostly im- 
mature. 

Campeloma integrum, approaching 
obesum in form. 

Bythinia tentaculata, not common. 
Galba catascopium, 1 dead speci- 

men. 
Planorbis trivolvis, common. 
Planorbis campanulatus, common. 
Physa ancillaria warreniana, 1 

dead specimen. 
Succinea avara, on Typha. 

VI. Dredgings in the Open Lake. 

The dredgings were all made with the crowfoot dredge. 

Station XXXIX. From a point on the north shore of 
the outlet, 200 feet east of the railroad bridge, southeastward 
three-eighths of a mile. (Field Nos. 226, 255-256.) 
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Borrom: Sandy silttomud. Warer: 3 to 10 feet deep. 

VecEeration: All submerged. 

Clasping-leaved Pond-weed (Pota- Water Weed (Hlodea canadensis). 
mogeton perfoliatus) . Hornwort (Ceratophyllum — de- 

Various-leaved Pond-weed (Pota- mersum). 
mogeton heterophyllus).  ° Water Milfoil, (Mzyriophyllum spi- 

Water Celery (Vallisneria  spir- catum). 
alis). Stonewort (Chara species). 

ANIMAL LIFE. 

MOLLUSCA. 

Bythinia tentaculata, very abun- Planorbis »arvus, rare. 

dant. Physa anc. llaria warreniand, 
Valvata bicarinata normadis, rare. young, abundant. 
Planorbis campanulatus, common. <Ancylus parallelus, not common. 

CRUSTACEA. 

Amphipod (Gammarus fasciatus), abundant. 

INSECTA, 

Caddis-fly larve (Oecetis resur-  Caddis-fly cases (Leptocella spe- 
gens). cles). 

Caddis-fly larvee (Polycentropid). Damsel-fly nymph (Hnallagma spe- 
cies). 

Bythina tentaculata is six times as abundant as all the 
wther species combined. <A single plant of Hlodea canadensis 
contained 25 individuals, young and old, of this species. If 
this ratio holds good for a large area a square yard of plants 
would sustain about 1,326 individuals and an acre would con- 
tain the enormous number of 8,503,320. From this estima- 
tion it may readily be seen that an enormous amount of mol- 
lusean life is present in the submerged vegetation of the lake. 

In 5 feet of water two species of clams were obtained with 
the crowfoot dredge (Field No. 257). 

Margaritana margaritifera. Lampsilis borealis. 

Station XL.. Bie Bay (Frextp Nos. 272, 273). Fira. 31. 

Dredgings were made in lines as follows: One-eighth mile 
from shore off Milton Point to near end of Big Bay; thence 
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southeastward to off Deer Point; thence back to starting point 
off Milton Point. 

Borrom: Sandy or muddy, with occasional boulders. 

Water: 8 to 10 feet deep. 

VEGETATION. 

Water Celery (Vallisneria spira- Water Weed (Hlodea canadensis). 
lis). Hornwort (Ceratophyllum  de- 

Clasping-leaved Pond-weed, (Pota- mersum). 
mogeton perfoliatus) . Water Milfoil, (Myriophyllum spi- 

Various-leaved Pond-weed (Pota- catum). 
mogeton heterophyllus) . Stonewort (Chara species). 

ANIMAL LIFE. 

MOLLUSCA. 

Planorbis campanulatus, in vege- Physa ancillaria warreniana, in 
tation. vegetation. 

A Physa, mostly young, was abundant on the leaves of 
Elodea canadensis. 

CRUSTACEA, 

Amphipod (Gammarus fasciatus), in vegetation. 

INSECTA. 

Caddis-fly cases (Leptocella spe- Damsel-fly nymph (Knallagma sig- 
eles). natum). 

Caddis-fly larvee (Polycentropid). 

HIRUDINEA. 

Leech (Glossiphonia picta). 

Station XLI. Muippie or Laxe (Frierp No. 274). 

Dredgings were made east and west in the line of the chan- 
nel, and north and south on a line between Shepard Point 
and Milton Point. 

Borrom: Hard sand, with occasional boulder. Warer: 
10 to 16 feet deep. 

Below a depth of 10 feet no vegetation was observed, but 
clams were numerous. As many as 8 were brought up at one 
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time on the ecrowfoot dredge. As observed in all stations 
studied, Hlliptio complanatus was the most abundant species. 
Three species were secured. 

Elliptio complanatus. Lampsilis borealis. 
Lampsilis radiata. 

B. ANALYSIS OF ENVIRONMENTS. 

A study of the forty-one stations described in the previous 
pages naturally leads to their division into several more or 
less distinct types. Each type is found wherever a given com- 
bination of environmental factors occur. These forty-one 
stations may be classified under four major heads, and thir- 
teen minor heads. It is not to be supposed that these habitats 
are sharply divided. On the contrary, they fade into each 
other more or less completely, the amount of gradation being 
governed by the sharpness of the characteristics of the inter- 
mediate zones. 

1. Laxr Types. 

I. Boulder-Bottom Type. (Figs. 11, 23.) 

Stations II, IV, XI, XIV, XV, XX and XXI are exam- 
ples of this type of habitat. The shore may be free from 
vegetation, or it may have associations of Water Willow 
(Dianthera americana) and Bulrush (Scirpus occidentalis or 
S. americanus). It receives the full force of the winds and 

waves from the open lake. The water is from 1 to 3 feet 
in depth and the bottom is heavily and thickly covered with 
stones and boulders, many of the latter being of large size. 
These shallow, rocky areas are almost always at the end of 
points of land which extend into the lake. Their area varies 
from 100 to 500 feet in length and from 50 to 200 feet in 
width. Animal life is abundant, the clams living between 
the stones and the snails on the stones and on the sand be- 
tween the stones. 



Fig. 24. Station XXXI, habitat 1. View looking southeast from 
Frenchman Island. Dunham Island in the distance. The 
shore is lined with Decodon and Cephalanthus. The plant 
societies in the water include Dianthera, Carex, Sagittaria, 
Pontederia, Scirpus smithii and S. americanus, Castalia, and 

Nymohea. 

Fig. 25. Station XXXI, habitat 2, Frenchman Island. Habitat 1, A 
and B zones are shown in the foreground. The. Typha 
association is largely developed to the right. Habitat 1, 
zones © and D, are clearly defined on the left, zone D, 
almost pure Dianthera, being especially clear. 
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ANIMAL LIFE. 

MOLLUSCA. 

Elliptio complanatus, common. Spherium vermontanum, not com- 
Lampsilis luteola, rare. mon. 
Lampswis radiata, common. Goniobasis livescens, common. 
Lampsilis iris, rare. Amnicola lustrica, not common. 
Margaritana margaritifera, rare. Galba catascopium, common. 
Anodonta cataracta, common. Planorbis antrosus, rare. 
Anodonta implicata, common. Planorbis campanulatus, rare. 
Anodonta grandis footiana, com-  Planorbis hirsutus, rare. 

mon. Physa ancillaria warreniana, rare. 
Strophitus undulatus, rare. The last four are emigrants from 

the next type of habitat. 

INSECTA. 

Caddis-fly larve  (Helicopsyche Whirligig beetles (Gyrinus ventra- 
borealis) . is). 

Caddis-fly cases (Leptocella) . Whirligig beetles (Dineutes assi- 
milis). 

CRUSTACEA. 

Crawfish (Cambarus propinquus). 

II. Water-Edge Type. (Figs. 14, 16, 27.) 

Stations TI],*: V; XIV, XX, XXV, XXVip ees 
XXXI,* XXXI,* XXXII. This includes that part of the 
shore from the water line to about 8 inches in depth. It may 
be simply hard sand, or it may be rocky. When uprooted 
vegetation is carried on shore it affords food for the inhabi- 
tants. In some cases the bank is grassy and has been under- 
mined a few inches, forming a vertical bank, a foot or less 
in height. Usually this habitat is free from vegetation. This 
type is always more or less protected from the rough water of 
the lake by a growth of lakeward vegetation of greater or less 
extent. Mollusks live abundantly on the stones, gravel and 
sand or under the protection of the overhanging bank. 

ANIMAL LIFE. 

MOLLUSCA, 

Campeloma integrum, common. Galba catascopium, not common. 

Lymnea stagnalis lillianw, abun- Planorbis campanulatus, common. 
dant. Planorbis binneyi, abundant. 
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Planorbis trivolvis, var., common. Physa ancillaria warreniana, com- 
Planorbis hirsutus, rare. mon. 
Ancylus parallelus, abundant. Bythinia tentaculata, not common. 

Amnicola lustrica, not common. 

HIRUDINEA. 

Leech (Hamopis marmoratis) . 

CRUSTACEA, 

Crawfish (Cambarus propinquus) . 

INSECTA, 

Water-penny, beetle larve (Psephe-  Caddis-fly larve  (Helicopsyche 
nus lecontet). borealis) . 

A type of habitat, which should probably be classified with 
the water-edge type, occurs in Station XXX, on Frenchman 
Island (Fig. 22). This is partly protected by a beach ridge, 
behind which the lagoon-like habitat has been formed. ‘There 
are one or more small, open channels which connect the lake 
with the lagoon. The beach ridge is covered with Buttonbush 
and Swamp Loosestrife, which further protects the quiet pvol 
behind the bar. Quiet water vegetation fills the lagoon, con- 
sisting of : 

Broad-leaved Arrow-head (Sagit- Larger Blue Flag (Iris versi- 
taria latifolia) . color). 

Smith’s Bulrush (Scirpus smithtvi). Water Willow (Dianthera ameri- 
Sedge (Carex trichocarpa). cana). 

The last is a remnant of the lake shore vegetation, whicl: 
persists because of the open channels. It will finally dis- 
appear when the lagoon is completely shut off from the lake. 
(See page 72.) 

The animal life noted below occurs more or less abundantly 
in this lagoon. Minnows and young fish were more or less 
abundant in this habitat, evidently feeding. 

MOLLUSCA, 

Elliptio complanatus, rare, emi-  Planorbis trivolvis, var., abundant. 
grant from Type I. Planorbis campanulatus, not com- 

Lymnea stagnalis lillianw, com- mon. 
mon. Physa ancillaria warreniana, not 

Galba catascopium, common, emi- common. 
grant from Type I. Succinea retusa, not common. 
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INSECTA. 

Back-swimmer (Notonecta undu-  Predaceous Diving Beetle (Lacco- 
lata), common. philus maculosus), abundant. 

Water-strider (Gerris buenoi), Dragon-fly nymph (Aischna_ spe- 
common. cies). 

Small Water Bug (Belostoma  Dragon-fly nymph (Gomphus sor- 
flumineum), nymph, common. didus ). 

Water-scavenger beetle (Tropister- Damsel-fly nymph (Hnallagma spe- 
nus glaber), common. cies). 

Water-scavenger beetle (Philhy- Damsel-fly nymph (Hnallagma spe- 
drus cinctus), common. cies). 

III. Bulrush-Water Willow Type. (Figs. 5, 12, 19, 20, 21, 

28, 29.) 

Stations I; 1, 111? ® V, VII, X11 XI), Xe 
XXIII, XXV, XXVI, XXX,’ XXXITI, are examples of 
this type of habitat, which is not as exposed to the waves as is 
the boulder-bottom type. In area it may be as large as 300 by 
500 feet. The bottom is more or less covered with stones 
and boulders, but there are sandy spots here and there. The 
water varies from 1 to 4 feet in depth. Vegetation is greater 
in bulk than in type II, consisting of: 

American Bulrush (Scirpus ameri- Water Willow (Dianthera ameri- 

canus ). Cand). 
Lake 3ulrush (Scirpus  occi-  Pickerel-weed  (Pontederia  cor- 

dentalis). data). 

The principal differences between this habitat and the 
boulder type are the less exposed situation, the density of the 
vegetation, the deeper water and the sandier bottom. Such a 
habitat is particularly favorable for black bass, sunfish, rock 
bass, and others, because of the hiding and breeding places 
provided by the thick vegetation, the attachment for eggs by 
the roots and stems of the plants and the excellent feeding 
ground by the abundance of animal life, insect, crustacean, 
and mollusean. The largest number of mollusean species, 
39, occur in this type of habitat, including upwards of 15 
which are known to be eaten by bottom feeding fish. 
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ANIMAL LIFE. 

MOLLUSCA. 

Bluliptio complanatus, common. 
Margaritana margaritifera, com- 

mon. 
Alasmidonta undulata, rare. 
Lampsilis luteola, rare. 
Lampsilis radiata, common. 
Lampsilis borealis, common. 
Nephronajas ligamentina, rare. 
Anodonta cataracta, common. 
Anodonta implicata, common. 
Anodonta marginata, not common. 
Anodonta grandis footiana, com- 

mon. 
Spherium vermontanum, common. 
Musculium securis, common. 
Musculium rosaceum, rare. 
Pisidium ferrugineum, rare. 
Pisidium variabile, common. . 
Pisidium compressum levigatum, 

common. 
Pisidium ewquilaterale, rare. 
Pisidium species, rare. 

Pisidium species, rare. 
Pisidium species, rare. 
Goniobasis livescens, common. 
Campeloma integrum, not common. 
Bythinia tentaculata, common. 
Amnicola limosa, common. 
Amnicola lustrica, common. 
Amnicola lustrica, var., rare. 
Valvata tricarinata, not common. 
Valvata bicarinata normalis, com- 

mon. 
Physa integra, not common. 
Physa ancillaria warreniana, com- 

mon. 
Planorbis campanulatus, common. 
Planorbis antrosus, common. 
Planorbis trivolvis, var., common. 
Planorbis hirsutus, rare. 
Planorbis parvus, rare. 
Planorbis exacuous, rare. 
Galba catascopium, common. 
Galba emarginata, rare. 

HIRUDINEA, 

Leech (Erpobdella punctata). 
Leech (Placobdeélla rugosa) . 
Leech (Placobdella phalera). 

Leech (Glossiphonia complanata). 
Leech (Ha@mopis marmoratis). 

CRUSTACEA, 

Crawfish (Cambarus propinquus), common. 

INSECTA. 

Caddis-fly larve 
borealis), common. 

Caddis-fly cases (Leptocella spe- 
cies), common. 

( Helicopsyche Water-penny, beetle larve 
phenus*lecontei), common. 

Whirligig beetle (Gyrinus ventra- 
lis), common. 

( Pse- 

IV. Arrowhead-Cattail-Pickerelweed (Figs. 9, 15, 24). 

mtaions ITT? EX, XTX. XXT* XXTV and XX Xi In 
this type of habitat the shore is lined with cat-tails, and 
beyond these, on the lake side, are such plants as the Arrow- 
head and Pickerel-weed. The water here is 12 to 36 inches 
deep and the bottom is firm sand with some gravel and an 
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occasional boulder. The vegetation is arranged zonally, the 
following species being present: 

Black Willow (Saliv nigra var. 
falcata). 

Swamp Loosestrife (Decodon ver- 
ticillatus) . 

Narrow-leaved Cat-tail (T7'ypha 
angustifolia) . 

Buttonbush (Cephalanthus  occi- 
dentalis). 

Bur-reed (Sparganium eury- 
carpum). 

Toward the lake scattered 
occur. 

Sweet-scented Water Lily (Castalia 
odorata). 

Cow Lily (Nymphwa advena). 

Broad-leaved Arrow-head (Sagit- 
taria latifolia). 

Pickerel-weed  (Pontederta cor- 
data). 

Lake Bulrush (Seirpus  occi- 
dentalis). 

American Bulrush (Scirpus ameri- 
canus) . 

plants of lilies and pond-weed 

Floating Pond-weed (Potamogeton 
natans). 

Animal life is abundant on the bottom or on the stems 

and leaves of vegetation. This type is a favorable habitat 
for fish, affording good feeding and probably good breeding 
grounds. 
as food by fish. 

Of the mollusks, upwards of 9 species are used 

ANIMAL LIFE. 

MOLLUSCA. 

Anodonta cataracta, not common. 
Elliptio complanatus, common. 
Spherium vermontanum, abundant. 
Spherium striatinum, rare. 
Pisidium variabile, abundant. 
Pisidium compressum, abundant. 
Pisidium compressum levigatum, 

abundant. 
Pisidium species, rare. 
Campeloma integrum, common. 

Gillia altilis, common. 
Amnicola lustrica, very abundant. 
Valvata bicarinata normalis, 

abundant. 
Planorbis campanulatus, common. 
Planorbis hirsutus, rare. 
Physa ancillaria warreniana, com- 

mon. 
Galba catascopium, not common. 

INSECTA, 

Dragon-fly nymph (Gomphus sor- 
didus). 

Dragon-fly nymph (A/schna _ spec- 
les). - 

Caddis-fly larve (Helicopsyche 
borealis), abundant. 

Caddis-fly cases (Leptocella spec- 
ies), abundant. 

Caddis-fly cases (Molanna species), 
not common. 

Caddis-fly larve (Leptocerus 
species), rare. 

Caddis-fly larvee (Hydrophilid), 
rare. 

Caddis-fly larve (Phylocentropus 
species), rare. 



Fig. 26. Station XXXI, habitat 3, Frenchman Island. View looking 
southeast, Dunham Island in the distance. To the left is 
habitat 2, the Typha association. The middle foreground is 
habitat 3, which includes a mass of vegitation, Pontederia, 

Nymphaea, and Castalia. A heavy growth of Carex tri- 
chocarpa borders the shore, back of which lies the sloping, 
stony beach which is bare of vegetation. This is shown in 
the foreground. In the distance, on the right of the picture, 
may be seen several pure Dianthera associations. 

Fig. 27. Station XXXII, north side Long Island, view looking south- 
east. The shore is lined with Carex trichocarpa. The more 
open water where Professor Hankinson is standing is filled 
with Scirpus occidentalis and S. americanus with a iew 
Dianthera. The dark patch of vegetation in the background 
is almost wholly Dianthera. 
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V. Water Lily-Burreed-Bulrush Type. 

Station XX XI." This habitat combines characteristics of 
both the last (IV) and the next (VI) habitats. It is pro- 
tected from the violence of the waves by the heavy outer 
zones of Water Willow which serve as an effective barrier 
against rough water. For this reason the delicate shelled 
Acella is able to live here. The submerged vegetation of the 
next type is absent and hence some species not found in that 
association are able to live here. The bottom is sandy silt, 
rather soft and the water is from 18 to 30 inches deep. The 
vegetation embraces : 

(Fig. 24.) 

sur-reed (Sparganium eurycar-  Smith’s Bulrush (Scirpus smithit). 
pum). Pickerel-weed  (Pontederia  cor- 

Broad-leaved -Arrow-head  (Sagit- data). 
taria latifolia). Sweet-scented Water Lily (Cas- 

American Bulrush (Scirpus ameri- 
canus). 

talia ordorata). 
Cow Lily (Nymphaea advena). 

Animal life is abundant on the bottom and particularly on 
the submerged portions of the vegetation. 

ANIMAL LIFE. 

MOLLUSCA. 

Ancylus fuscus, common. 

Acella haldemani, common. 

Planorbis trivolvis, common. 
Planorbis campanulatus, common. 

Lymnea stagnalis lillianew, com- Physa ancillaria warreniana, rare. 
mon. Amnicola lustrica, rare. 

Galba catascopium, rare. Bythinia tentaculata, not common. 

INSECTA. 

Caddis-fly larve (Platycentropus Caddis-fly larve (Limnephilid), 
maculipennis), rare. rare. 

VI. Water Lily-Chara-Pondweed Type. (Figs. 6, 8.) 

Stations I,’ III,t VI, X. This type of habitat is always 
found in a partly enclosed bay where there is ample protection 
from the rough waters of the lake. The water is from 2 to 

5 feet in depth and the bottom is sandy or silty. The vegeta- 
tion is abundant, comprising a large number of species as 
noted below: 
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Button-bush (Cephalanthus  occi- 
dentalis), common on shore. 

Swamp Loosestrife (Decodon verti- 
cillatus), common on shore. 

Water Willow (Dianthera ameri- 
cana), rare. 

Broad-leaved Arrow-head (Sagit- 
taria latifolia), common, near 
shore. 

Narrow-leaved Cat-tail (Typha an- 
gustifolia), common, near shore. 

Bur-reed (Sparganium eury- 
carpum), common, near shore. 

Lake Bulrush (Scirpus occiden- 
talis), common. 

American Bulrush (Scirpus ameri- 
canus ), common. 

Pickerel-weed  (Pontederia  cor- 
data), common. 

Sweet-scented Water Lily (Cas- 
talia odorata), common. 

Cow Lily (Nymphea advena) , com- 
mon. 

Floating Pond-weed (Potamogeton 
natans), common. 

Various-leaved Pond-weed 
mogeton heterophyllus), 
mon. 

Clasping-leaved Pond-weed (Pota- 
mogeton perfoliatus), common. 

Water Celery (Vallisneria spira- 
lis), common. 

Water Weed (Hlodea canadensis) , 
common. 

( Pota- 
com- 

- Hornwort (Ceratophyllum demer- 
sum), common. 

Water Milfoil (Myriophyllum spi- 
catum), common. 

Stonewort (Chara species), com- 
mon. 

Animal life is abundant on the various water plants. 

MOLLUSCA,. 

Acella haldemani, common. 
Pseudosuccinea columella, common. 
Pseudosuccinea columella chalybea, 

common. 
Planorbis campanulatus, common. 
Planorbis trivolvis, common. 

Planorbis hirsutus, rare. 
Ancylus parallelus, common. 
Physa ancillaria warreniana, com- 

mon. 
Amnicola lustrica, rare. 

CRUSTACEA. 

Amphipod (Hyalella knickerbockeri) , common. 

INSECTA. 

Dragon-fly 
janata). 

nymph  (Basiaeschna Dragon-fly nymph (Tetragoneuria 
cynosura) . 

HIRUDINEA, 

Leech (Placobdella picta). 
Leech (Glossiphonia fusca). 

VII. 

Leech (Glossiphonia stagnalis). 
Leech (Hrpobdella punctata). 

Cat-tail Type. (Figs. 6, 9.) 

Stations I,* I11,* XX XI.* Several habitats oceur in which 
this type of plant prevails. These are always near the shore 
where the water is from 1 to 3 feet in depth. The bottom 

here is usually muddy or silty. Vegetation consists of: 
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Narrow-leaved Cat-tail (Typha an- 
gustifolia) . 

College of Forestry 

Greater Duckweed (Spirodela poly- 
rhiza). 

Mollusks are more or less abundant, the chief location 
being on the dead leaves of the cat-tail. 

Ancylus fuscus, common. 
Planorbis trivolvis, common. 
Planorbis parvus, common. 

VIII. Submerged Vegetation Type. 

Planorbis exacuous. common. 

Lymnea stagnalis lilliane, rare. 

(Figs. 29, 30.) 

Stations XXXV, XXXVII, XX XIX, XL. In this type 
of habitat the water is from 4 to 8 feet in depth and the 
bottom is sandy. It is usually some distance from the 
shore, either in the outlet or in the lake some distance from 

land. 

submerged vegetation is 

sig Bay is the largest habitat of this kind, but the 
outlet produced the greater number of forms of life. The 

very thick, numbering several 
species and affording food and lodgment for a multitude of 
mollusks and other forms of life. The clams and a few 
gastropods live on the bottom, but the majority of gastropods 
(snails) live on the leaves of the plants. Six species of plants 
were noted. 

Clasping-leaved Pond-weed (Pota- 
mogeton perfoliatus) . 

Water Celery (Vallisneria 
ralis). 

Water Weed (Hlodea canadensis). 

Spi- 

Hornwort (Ceratophyllum demer- 
sum). 

Water Milfoil (Myriophyllum spi- 
catum) . 

Stonewort (Chara species). 

Animal life is usually very abundant in this type of habitat. 

MOLLUSCA. 

Blliptio complanatus, common. 
Lampsilis radiata, common. 
Vivipara contectoides, common. 
Campeloma integrum, rare. 
Valvata bicarinata normalis, com- 

mon. 
Bythima tentaculata, abundant. 
Amnicola lustrica, common. 

Galba catascopium, rare. 
Planorbis campanulatus, common. 
Planorbis hirsutus, rare. 
Planorbis parvus, not common. 
Physa ancillaria warreniana, com- 

con. 
Ancylus parallelus, common. 

HIRUDINEA. 

Leech (Glossiphonia picta) . 
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CRUSTACEA, 

Amphipod (Gammarus fasciatus), abundant. 

INSECTA. 

Caddis-fly cases (Leptocella spec- Damsel-fly nymph (H#nallagma 
ies), common. species), common. 

Caddis-fly larve (Oecetis resur- Damsel-fly nymph (Hnallagma sig- 
gens), not common, natum), not common. 

Caddis-fly larvz (Polycentropid), 
rare. 

IX. Deep Water Type. (Fig. 30.) 

Station XLI. This type of habitat occurs only in the 
center of the lake some distance from the shore. The water 
is from 12 to 16 feet deep and the bottom is sandy with 
occasional boulders. There is little or no vegetation. The 
only life observed on the bottom was three species of clams. 

MOLLUSCA. 

Elliptio complanatus. Lampsilis borealis. 
Lampsilis radiata. 

2. CREEK TyYPEs. 

A number of creeks, of greater or less size, empty into the 
lake. Several very diverse habitats are provided by these 
streams, varying with the flow of water and the character 
of the bottom. In some eases the species are different from 
those found in the lake. 

X. Deep Creek Type, Still Water. 

Station VII. This habitat is at the mouth of the creek. 
The area is protected by the swampy banks on all sides, 
except the mouth. An embayment on the north side of the 
ereek affords quiet water for a heavy growth of water lilies 
and other aquatics. The raising of the water level has flooded 
the swamps bordering Big Bay and covered the banks of 
this habitat with a foot or two of water. The vegetation con- 
sists of floating, submerged and aerial species, as noted below: 

Black Willow (Salia nigra var. Broad-leaved Arrow-head (WSagit- 
falcata). taria latifolia) . 

Swamp Loosestrife (Decodon verti- Cow Lily (Nymphwa advena). 

cillatus). 
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Floating Pond-weed (Potamogeton Clasping-leaved Pond-weed ( Pote~ 
natans). mogeton perfoliatus). 

Animal life is abundant on the leaves and stems of the 

water plants. 
MOLLUSCA. 

Pseudosuccinea columella. Physa ancillaria warreniana. 
Planorbis campanulatus. Physa gyrina. 

XI. Shallow Creek Type, Moving Water, Muddy Bottom. 

Station XVII. In this type of habitat the water is from 
one to two or three feet deep, the current is not rapid and 
the bottom is composed of mud, usually very fine. In places 
the habitat changes to a rapid stream flowing over a stony 
bottom, but again resumes the still pool type when a basin is 
reached. Three species of mollusks were observed, two of 
them being abundant. 

Elliptio complanatus. abundant. Campeloma decisum, abundant. 
Strophitus edentulus, rare. 

XII. Shallow Creek Type, Rapid Water, Stony Bottom. 

Station XVI.* In this type of habitat the bottom is very 
stony, the water is 6 to 15 inches deep, except in occasional 
quiet pools, the current is swift and the water is clear and 
cold. A typical trout stream. Three types of animal life are 
abundant on the rocks and between and under the rocks. 

MOLLUSCA. 

Ancylus tardus, common. 

CRUSTACEA. 

Crawtish (Cambarus bartoni ro- © Crawfish (Cambarus propinquus), 

bustus), common. common. 

INSECTA. 

Water-penny, beetle larve (Psep-  Caddis-fly larve  (Helicopsyche 
henus lecontev) , common. borealis) , common. 

Caddis-fly cases (Neophylax spe-  Stone-fly nymph (Perla species). 
cies), not common. Stone-fly nymph (Acroneuria spe- 

cies). 



Fig. 28. Southeast end of Long Island. Shallow water extends fo: 
nearly a quarter of a mile in this direction. Ihe vegetation 
consists of Dianthera and Scirpus occidentalis, with a few 
Carex bordering the shore. The open water near the center 

of the picture is an excellent habitat for Lymnaa aud 
Planorbis. 

Fig. 29. Station XXXIV. View looking east from artificial island 1n 
outlet near Brewerton. In the foreground may be seen a 
society of Sagittaria and Decodon. In the middle distance 
is an almost pure association of Dianthera, with a small 

society of Carex. In the background are several associations 
of Dianthera and Scirpus, forming habitat XXXV. 
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XIII. Shallow Creek Type, Quiet Protected Pool. 

Station XVI.*| When a protected spot occurs in the bank 
of a rapidly flowing stream (as the previous type) a type of 
habitat is formed quite different from the hurrying waters 
of the near-by stream. These pools are filled with algze and 
animal life is usually abundant. 

MOLLUSCA. 

Planorbis trivolvis, common. Physa gyrina, common. 
Planorbis hirsutus, common. 

CRUSTACEA, 

Amphipod (Hyalella knickerbockeri), common. 

INSECTA. 

Water beetle (Tropisternus gla- Damsel-fly nymph (Hnallagma spe- 
ber), common. cies), common. 

Fig. 30. Diagrammatic map of vegetation island in outlet at Brewer- 
ton. 2, 3, 4 depths of water. 

Y. Carex. 0. Nymphea advena. 
X. Dianthera americana. 0. Castalia odorata. 
-Scirpus occidentalis. + Potamogeton natans. 

* Pontederia cordata. 

3. River Type. 

Stations XXXVI, XX XVIII. In this type of habitat, 
which is afforded by a narrow strip of water bordering the 
river bank, the bottom is muddy or sandy, the water is from 
1 to 8 feet in depth and there is a quantity of vegetation, such 
as: 
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Narrow-leaved Cat-tail (Typha an- sroad-leaved Arrow-head (Sagit- 
gustifolia). taria latifolia). 

Blue Flag (Iris versicolor) . 

Mollusks are abundant on the muddy or sandy bottom or 
on vegetation. 
Blliptio complanatus, common. Galba palustris, rare. 
Lamps.lis borealis, common. Planorbis trivolvis, common. 
Vivipara contectoides, common. Planorbis campanulatus, common. 
Campeloma integrum, common. Physa ancillaria warreniana, rare. 
Bythinia tentaculata, common. Succinea avara, rare. 
Galba catascopium, rare. 

4. Ponp TyPpr. 

Station XVIII. In this type of habitat the body of water 
is large, completely protected by rising banks, and the depth 
ranges from 6 to 8 feet. The bottom asnally consists of mud. 
It is probable that a more extended search would bring to 
light additional species, only two being noted, both commonly. 

Anodonta grandis. Campeloma decisum. 

Fig. 31. Station XL. Big Bay, from Shepard Point. 
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A study of the table indicates that of the Lake types the 
sulrush-Water Willow type of habitat produces the greatest 
number of species (39) including those mollusks (18 species) 
known to be of value as food for fish. Other types, as the 
Boulder type with 16 species and the Arrowhead-Pickerel- 
weed type with 17 species are noteworthy. Emphasis 
should be made of the Submerged Vegetation type, in which 
there are 13 species, because this is probably one of the best 
locations for mollusk-eating fish, containing as it does such 
mollusks (9 species) as Bythinia, Amnicola, Valvata and 
Physa, all of which are eaten by fish. Of the Creek types, 
the habitat with rocky bottom and rapid water contains a 
varied insect and crustacean fauna which is doubtless of value 
as food to the fish living in this kind of an environment. 
The single mollusk observed, Ancylus, is not yet known to be 
of food value. In the other types, creek, river and pond, 
sufficient data is not yet available for comparison. 

D. BREEDING GROUNDS FOR FISH. 

Available and suitable grounds for breeding purposes are 
plentiful in Oneida Lake. A large number of fishes breed 
in shallow water (1 to 3 feet deep), and those building nests, 
as the Dogfish, Black Bass, Crappie, Sunfish and Bluegill, 
require a gravelly or debris-covered bottom, with more or ‘less 
vegetation, as Bulrush, Pond-weed, or Sedge. These con- 
ditions are admir ably met in Oneida Lake, ‘where there are 
large areas of shallow water with suitable bottom and vegeta- 
tion. The area available for this purpose probably exceeds 
3,000 acres or 4.7 square miles. Those species seeking 
marshy or swampy places with much vegetation, as the Carp, 
Chub-sucker and Common Bullhead, find such habitats along 
the shores of Big Bay. It is an interesting coincidence that 
the maximum breeding period of fish, in April and May, is 
also the period of greatest development of Hntomostraca, 
upon which the young fish feed. This is a good example of 
the interrelation of organisms. 



The Relation of Mollusks to Fish in Oneida Lake 109 

E. COMPARISON WITH OTHER LAKES AND 

LOCALITIES. 

1. Tomanawxk Lake, Wisconsin. 

The only lake with which the writer is personally 
acquainted that is comparable to Oneida Lake is Tomahawk 
Lake, situated on a line between Oneida and Villas Counties, 
Wisconsin (Baker, 1911a). This lake is over four miles long 

and two miles wide, and its many bays and coves give it a 
shore line of over eighty miles. It is surrounded by heavy 
forests, particularly on the south shore, where there is a virgin 
forest belonging to the Wisconsin Forest Reservation. The 
north and south borders have been extensively logged over. 
A conspicuous subaqueous terrace borders the shore, afford- 
ing excellent habitats for aquatic plants. The small bays 
are usually rather shallow, as are also the areas covering the 
terraces, but in the middle of the lake the depth is reported 
to be as much as 60 feet. 

The mollusean fauna is rich and varied, 47 aquatic species 
being recorded of which 20 are found in Oneida Lake. Three 
varieties, not generally known to inhabit the lakes of New 
York State, are common to both regions. Planorbis binneyi, 
Physa ancillaria warreniana, and Lymnea stagnalis lilliane, 
the latter being first described from Tomahawk Lake. The 
characteristic habitats of Tomahawk Lake are repeated, in a 
degree, in Oneida Lake. 

9. Laker St. Crarr, Micutean-Canapa. 

This lake lies between Lake Huron on the north and Lake 
Erie on the south (Smith, 1894, pp. 43-44). The lake has 
an area of 410 square miles, a shore line of 187 miles, and a 
depth of about 20 feet in the center. There is a great develop- 
ment of shallow water along the shores and hence a large 
quantity of vegetation, which supports a large and varied 
fauna. 

An extensive mollusean fauna occurs consisting of 45 
species. Seventeen species of this number are found in 
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Oneida Lake. As no Pisidia are mentioned in the published 
list which is quite old, it is quite probable that this total 
number of species could be increased by at least a dozen 
species. 

3. TrRaveRSE Bay Recion-LaKkr MIcHIGAN. 

Some years ago the Michigan Fish Commission (Walker, 
1896, pp. 96— ~99), conducted dr edging in the neighborhood of 
Charlevoix, Michigan, both in Lake Michigan and in some 
of the inland lakes, Pine, Bear, etc. Sixty-four species of 
aquatic mollusks were collected of which 23 are represented 
in Oneida Lake. A single haul of the dredge over a bed of 
Chara, near High Island, brought up several hundred speci- 
mens of 26 species belonging to 7 genera, as noted below 
Coes 

LAVINA swap seca P eee diatheatat ae Bae ee Ariel eo wore 5 species. 
IPI@MOLDIB: Fics bocce ks nich SO eee a cee ne eee 3 a 
1270 h(S5 ene eae ek Rene acum ya RC Ae Fee ante atevees ] 5 
ATMMIGOla (1545.0: bi vtec pelea ee a PRE ARE 3 y, 
ByGhine lila); cus. he dk: Reps a hese Phe eueroy es chose ne ea 1 re 
[PAESICoU I Nani Gey es hye Ree Granta nhs Arietta tears S ord Bic 1] a 

Several of these genera (Lymnaea, Planorbis, Valvata, 
Amnicola, Spherium and Pisidium) were found living at a 
depth of 25 meters or about 81 feet. The largest number of 
species, however, was found where there was an abundance of 
vegetation as was observed in Oneida Lake. 

4, Saarnaw Bay Reaion, Micuigan (Lake Huron). 

Saginaw Bay (H. B. Baker, 1911, pp. 121-176) has many 
features in common with Oneida Lake, although it does not 
belong to the same class of water bodies, being an open bay 
of a large lake. Here, however, there are rocky, wave beaten 

shores, sandy exposed shores, protected bays and sandy pools. 
and the fauna varies in accordance with the habitat. It is 
noteworthy that the exposed, rocky shores are inhabitated by 
mollusks with a wide foot, such as Physa ancillaria magna- 
lacustris, Lymnea emarginata ontariensis, and (roniobasis 

livescens; these are paralleled in Oneida Lake by Lymnea 
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(Galba) catascopium and Gontobasis livescens. The sandy, 
protected areas yielded the greatest number of species, as was 
the case in Oneida Lake. ! 

There is a larger area of muck bottom in the Saginaw Bay 
region than has been found as yet in Oneida Lake. The pro- 
tected pools, sand dune lakes, and swamp localities are 
paralleled, to a degree, by the protected bays, shoals and 
swamps of Oneida Lake. 

5. Grorqtan Bay Rercton, Ontarto, Canapa (LAKE 

Huron). 

Recently an excellent census of the mollusks of Go Home 
Bay (Robertson, 1915, pp. 95-111), an embayment of 
Georgian Bay, has been published and is of interest when 
compared with the Oneida Lake fauna, although the 
ecological notes are not as full as could be wished. The area 
is made up of ponds, protected bays and exposed shores simi- 
lar in character to those of the Oneida Lake region. It is 
interesting to note that the same mollusks varied according 
to habitat as they were seen to do in the area under 
consideration. 

6. European LAKE STUDIES. 

The European ecologists have given much study to the 
inland lakes from a habitat standpoint, and examples could 
be cited of studies carried on by German, French, Swiss, 

English, Swedish, Danish and other students. Among the 
best of these studies from a habitat standpoint, though some- 
what old, is that by K. E. Sternroos (1898) who studied a 
Finnish lake, situated 40 kilometers (64.37 miles) north 

of Helsingfors. The lake is 2.5 kilometers (4.22 miles) long 
and about 1 kilometer (1.6 miles) broad, and reaches a depth 
of 53 meters (57.69 feet). This author recognized such 

habitats as the Scirpus region and the Hquisetum region, and 
the fauna described for these greatly resembles that found in 
Oneida Lake. The relation between plant zones and animal 
life is brought out clearly. The discussion of the Scirpus 
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region (p. 83) which is farther divided into sessile, mud, 
poor swimming and free swimming fauna, is very interesting 
in connection with the fauna of Oneida Lake. The mud 
fauna includes 11 species of mollusks, one of which, Bythina 
tentaculata, is also found abundantly in Oneida Lake. The 
other species belong to the same genera. 

Another European work which is perhaps unique in the 
form of its illustrations of habitat characteristics, is written 
jointly by Ant. Fric and V. Vavra (1894) on the fauna of 
two artificial ponds or pools near Bechovic, Bohemia. The 
fauna of these lakes, insect, crustacean and molluscan, is 

notably like that of Oneida Lake, although the Bohemian 
lakes are small and shallow. From one of these bodies of 
water 22 species of mollusks were collected. There is much in 
this paper which is of great interest to the ecologist. 

No.-2. Comparative TABLE OF SPECIES.* 

| | 
| Inland 

Oneida | Toma-| St. | Lake | lakes, | Saginaw/Georgian 
Lake. | hawk. | Clair. | Mich. | Charle-| Bay. Bay. 

| voix. | 

| | 

Total number of species..... 62 44 45 39 53 88 41 
Species common to this region 

and to Oneida, lake...5...| 22... 21 18 15) 23 27 PAL 
UDROntid ae Nagle toydncare oho sarees 15 11 20 5} || 7 17 7 
YH MAMA 36 RoSobua Soekaeo 4 6 2 3 | 4 9 5 
I ULTDS OR TO Wee aaron atte rae tec 10 As, sae 12 | 9 10 1 
Water breathers (Am~nicola, | 

CECY INA: Petter Moe seit 12 2 i 9 | 9 | 11 8 
Air breathers (Lymnaea, etc)..| PAL 21 16 12 | 24 | 41 20 

The comparison of the Mollusca of the American localities 
mentioned above is of interest, showing the total molluscan 
population of each and the number of species of certain 
groups found in each body of water. With the exception of 
the Saginaw Bay Region, the Oneida Lake fauna is seen to be 
the largest in number species. 

*In this table varieties are treated as species. The comparison with 
Lake St. Clair is not quite fair as modern data is not at hand with 
which to make a corrected list. A larger number of species live there 
than is here indicated. 
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F. SUMMARY. 

The habitats analyzed may be reduced to three general 
types. 1, boulder bottom; 2, sandy bottom; and 3, vegetation- 
covered bottom. ‘The first is usually subject to rough water 
and has little or no vegetation; the second is more ox Jess pro- 
tected from rough water and has considerable vegetation; the 
third is generally adequately protected from rough water and 
supports a maximum amount of vegetation. In no habitat 
does the depth of water exceed 10 feet and the average is 
about 3 feet. The greatest number of molluscan species (39) 
is found in the second type, the sandy bottom. These three 
tvpes of habitat are found in all parts of the lake examined. 
The absence of mud, except in small isolated spots, is of 
special interest. With one exception, the fresh water 
molluscan fauna of this lake is greater in number of species 
than that of any similar body of water in the United States. 
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CHAPTERIII. BIOLOGICAL VALUATION OF THE 

LAKE; A STUDY IN PRODUCTIVITY: 

A. HISTORICAL REVIEW. 

The scientific study of the food relations of fresh water 
animals has occupied man’s attention for a comparatively 
short time, and the realization of the intimate relation 
between the entire environment and any one group of animals, 
as the fishes for example, is of quite modern origin. As 
long ago as 1880, Dr. 8. A. Forbes (1880, p. 19), writing 
on the important question of the food of fishes, said: ‘‘Doubt- 
less, of all the features of the environment of an individual, 
none affect it at the same time so powerfully, so variously 

and so intimately as the elements of its food. Even climate, 
season, soil and the inorganic circumstances generally, 
influence an animal through its food quite as much as by 
their direct action. It is through the food relation that ani- 
mals touch each other and the surrounding world at the 
greatest number of points; here they crowd upon each other 
the most closely, at this point the struggle for existence 
becomes sharpest and most deadly; and, finally, it is through 
the food relation almost entirely that animals are brought in 
contact with the material interests of man. Both for the 
student of science and for the economist, therefore, we find 
this subject of peculiar interest and value.” 

A. J. Pieters (1901, p. 59), writing on the plants of Lake 
Erie, makes the following significant statement: “ As has 
been pointed out by both Reighard and Ward, a complete 
knowledge of the life of a fish can only be obtained by a study 
of the entire chain of biological relations existing in lakes 
and streams. In this chain plant life constitutes an import- 
ant link. Plants stand between animal life and the inorganic 
substances it is unable to use. All aquatic animal life is 
ultimately dependent upon plants, which transform carbon, 
nitrogen and other inorganic substances into organic com- 
pounds fitted for animal use. Directly or indirectly, then, 
plant life is necessary to the support of the fishes in our lakes 



The Relation of Mollusks to Fish in Oneida Lake 115 

and streams. The vigorous growth and reproduction of plants 
furnishes a large food supply for the smaller animals, which 
in their turn can reproduce more abundantly and provide a 
greater amount of food for the fish. 

“ Barring enemies and artificial hindrances to increase, 
such as overfishing, fish will multiply up to the limit of the 
food supply, but can never overstep that limit. If the food 
supply can be increased, an increase in the number of fish 
will naturally follow.” 

Other American authors, as well as some foreign writers, 
have touched more or less extensively on this very important 
subject. It remained for two Danish ecologists, Dr. C. G. 
Joh. Petersen and Dr. P. B. Jensen, the former the Director 

of the Danish Biological Station, to elaborate some of the 
most important methods of investigating this subject. Peter- 
sen has been studying the marine waters of Denmark for the 
purpose of determining the amount of life on the sea bottom, 
the relation of this life to the plant life and to the main- 
tenance of the food fishes of these waters, especially the 
Plaice. These studies were inaugurated in 1883 and have 
progressed each year, the notably increasing success being 
attested by the brilliant reports of the Danish Biological Sta- 
tion (see Bibliography). The work of these Danish ecologists 
does not appear to have received adequate attention from 
American ecologists and fish culturists. 

Petersen realized at an early period that to understand 
fully the conditions governing the habits of fish, especially as 
regards their food, a knowledge must not only be obtained of 
the kind of food eaten, a knowledge secured by means of an 
examination of the stomach contents of recently feeding fish, 

but that we must also know the variety and amount of the 
possible food supply. In other words, a biological survey of 
the fish habitat is necessary before we are in a position to 
understand the conditions governing the physiology of the 
piscene fauna. In short, such studies lead to a broad con- 
sideration of the metabolism of the whole lake or body of 
water under discussion. Petersen observed that the Plaice 
from the western part of Limfjord practically ceased growing 



116 College of Forestry 

for a period of about eight months, but when transported to 
the central part of this body of water they increased to four 
or five times their original weight. This observation led to 
the conclusion that there was a serious deficiency in the food 
supply of the first named locality. To obtain this informa- 
tion it Was necessary to examine certain areas in different 
parts of the body of water and to estimate the amount of the 
available food supply. ‘To carry on this investigation Peter- 
sen experimented with various types of dredges until an 
apparatus was devised, known as the ‘ o.1m* bottom sampler ” 
which brought up for examination an area of one-tenth of a 
square meter with its top layers in their natural position, con- 
taining the living organisms in their natural relations. This 
bottom sampler showed that some of the Danish waters were 
rich in food supply while others were very poor, some of 
these differences being correlated with the character of the 
deposit covering the bottom. This will be discussed on a 
later page. 

With this apparatus Petersen collected from the bottom of 
the Thisted Bredning more than a hundred samples of the 
bottom, each one-tenth of a meter square, and carefully 
counted the number of different animals present. These were 
tabulated and averaged. In addition to the numerical studies, 
the animal matter was extracted, dried and weighed so that 
the amount of dry matter per o.1m* could be found and the 
amount of actual available food supply in the whole area esti- 
mated. The relative density of the bottom fauna was illus- 
trated by means of diagrams showing the population of one- 
fourth of a square meter of sea bottom. By means of these 
studies, Petersen was able to calculate that the fish consumed 
about 3 grams per square meter, and the whelks and star- 
fishes, predaceous animals, about 6 grams dry weight per 
square meter. The total amount of dry matter on the bottom 
was estimated to be about 30 grams per square meter. He 
also estimated that the bottom fauna consumes several times 
its own weight in the course of a year. 
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While studying the samples of bottom brought up by the 
o.lm* sampler, Petersen observed that the bottom layers were 
of two kinds, the first, in which life was abundant, being 
brown or gray in color, the other being black and giving off 
an offensive odor. This was either very poor in, or devoid of 
life. Previous investigation had shown that the digestive 
tract of the lower animals which were not predaceous was 
filled with a brownish mass almost identical with this top 
layer covering the bottom of all the waters where it was suf- 
ficiently still and deep for the fine particles to be deposited. 
Petersen concluded that this material, which he called ** dust- 
fine detritus”? forms a large part of the food of bottom 
dwellers, such as clams and snails. This detritus consists of 
‘dead, deposited particles of plants and animals, among 
which we comparatively seldom find the remains of plankton 
organisms. Living microorganisms are naturally also found 
in the stomachs, but usually only in small quantity. We 
have so long and so often heard of the rdle the plankton is 
considered to play in the economy of the sea, that we almost 
forget the other sources of food, which however, at any rate 
in the smaller waters, certainly have an even greater import- 
ance’ (Petersen, op. cit. p. 6). 

Petersen’s colleague, Dr. Jensen, after investigating the 
source of this dust-fine detritus, concludes that its origin is 
primarily from the plants in the sea, principally the grass- 
wrack, Zostera. Thus it is evident that the dependence of 
animals upon plants for nutrition is as vital in the water as 
on the land. The plankton, either plant or animal, was also 
found to play but a small and unimportant part in the forma- 
tion of this detritus deposit. The marine plants die and 
either fall to the bottom where they grew or are transported 
to the same location in some other part of the sea bottom. 
This material breaks down until it forms the dust-fine detritus 
described. 

Jensen’s law that “the organic materials do not remain 
‘at the place where they were produced but are distributed 
more or less uniformly over large areas” is quite as appli- 
cable to large lake bodies as to marine bodies of water. This 
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author calls attention to the fact that if this law was not in 
operation, many parts of the bottom would be devoid of both 
animal and vegetable life. 

An examination of the samples brought up by the bottom 
sampler, and by another instrument called the detritus 
sampler (inade of a cylindrical glass tube), showed that the 
iene was composed of two distinct layers ; the topmost being 
1-2 mill. thick, brown in color and of a fluffy appearance; 
and the second layer, which extends to the bottom of the 
sample, being of dark blue color, consisting of sand-mixed 
elay with organic remains. Bottom samples of this character 
are free from smell. Chemical examination of this top bot- 
tom deposit shows it to be composed largely of pectose, a 
substance present in Zostera, indicating clearly the origin of 
at least a part of the mater ial. The amount of carbon in the 
bottom material which is large in the areas near shore, 
diminishes progressively as the distance from shore increases, 
again indicating the influence of the plants in the formation 
of this rich bottom covering. Jensen also examined the 
water, by centrifuging, and obtained material identical with 
the top layer of the bottom deposits. The winds are there 
fore found to bear an active part in the distribution of this 
fine detritus material. 

The black, odoriferous layers found in certain parts of the 

region under consideration (and which were devoid of animal 

life) were found to contain a quantity of methane or marsh * 
gas, due to the presence of bacterial life, together with small 
amounts of oxygen and carbon oxide. Jensen describes the 
processes going on in this kind of a bottom as fermentative. 
The large percentage of hydrogen sulphide found in the inner 
fjords of Denmark and more largely in the Black Sea is due 
to the rich plant production, which is great enough to form 
a bottom-soil containing a large amount of organic matter. 
“Tn this way the possibility is created for a rich bacteria 
life, production of hydrogen sulphide and so on, which cer- 
tainly contribute to a very high degree to deprive the water 
of oxygen.” The sea furnishes the greater part of these 
fjords or bays with fresh oxygen, thereby preventing the for- 



The Relation of Mollusks to ish in Oneida Lake 119 

mation of hydrogen sulphide and rendering them fit for ani- 
mal life. Jensen aptly concludes that **‘ we may therefore. 
to a certain extent, regard the large oceans as the lungs of the 
sea, which supply the water-masses of the inner seas with 
oxygen and remove the superfluous organic matter.” In fresh 
water it is stated that humic acid probably has some intluence 
in preserving the dead plant material. 

Petersen has fully demonstrated that this dust-fine detritus 
forms a large part of the food of the oyster and other mollusks 
not of a predatory character. Dissection of the oyster showed 
the stomach to be filled with a substance in no wise different 
from the brown upper surface layer of the sea bottom. Cer- 
tain clams (Abra) confined in an aquarium were observed 
to suck up this surface layer with their long siphon. In addi- 
tion to the detritus of the bottom these animals also consume 
asmall amount of plankton organisms. Those animals which 
cannot take the detritus directly from the bottom utilize that 
which is held in suspension in the water which is said by 
Petersen to be greatly in excess of the pure plankton in 
quantity. The work of Lohmann, Hensen, Dahl, Brandt, 
Rauschenplat and others in the light of Petersen’s discoveries, 
corroborate the fact of the extensive use of the dust-fine 
detritus as food. Curiously enough, reference to this source 

of food in American works, on both marine and fresh water 

animals is all but entirely lacking and the writer has noted 
no reference to Petersen’s hypothesis in a recent work on the 
oyster (Stafford, 1913, p. 9) which states that the food con- 
sists of the smallest particles of material, the minute plants 
and animals called plankton, including diatoms, ete. A 
‘areful study of the food of marine and fresh water 
peleeypods, in the light of Petersen’s discovery, is greatly 
needed as suggested by Adams (1913). 
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BB. APPLICATION “OF » THE QUANTEEA ya: 

METHOD TO ONEIDA LAKE. 

Investigations similar to those carried on by Dr. Petersen, 
described in the last section, have not been conducted in 
America, but there is every reason to believe that such studies 
would be of very great value in helping to solve some of the 
problems which confront us in the carrying on of fish con- 
servation policies. Some work has been done and much 
information gathered concerning the kind of food normally 
eaten by fish and other animals, but studies on the food value 
of a lake from the standpoint of all the animals living in the 
Jake are unknown to the writer. Given the amount of avail- 
able food per square or cubic unit, and its increase during a 
certain period, and given the amount of food consumed per 
day by the other animals present, it is comparatively easy to 
estimate from these factors, the number of animals (as fish) 
which a given lake will support. To obtain these figures, 
however, it is necessary to make a large number of observa- 
tions on both the physical characteristics of the lake and the 
animal and plant communities. In other words we must 
study the metabolism of the lake as we would study the 
metabolism of an animal. Asa contribution toward this end, 

the data set forth in this report is presented. 

1. QUANTITATIVE STUDIES. 

Lack of time during the 1915 field season prevented the 
carrying out of precise and exhaustive quantitative studies on 
Oneida Lake. As it was desired to cover as much of the 
lake as possible in a preliminary examination, an exact count 
of organisms from a known area was attempted in but a few 
places. From these, however, some sort of an idea may be 
obtained of the richness of the molluscan fauna. 

Methods of Obtaining Data. On a rocky shore all of the 
individuals were collected from an area estimated to be one 
foot square. In the sandy habitats, the bottom was scraped 
from an area approximately 12 x 12 inches with the Walker 
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dredge. In the case of the plant communities, the count was 
for each leaf of each plant and the number of plants esti- 
mated to grow on a square foot of water. In the latter case, 
this often meant a columnar area one foot square and of a 
height varying with the depth of the water. These estimates, 
and the tables, are not to be taken as final, as they are, at 
most, general estimates. 

Quantitative Tables. In the following tables, examples 
are given of the number of individuals found in one unit area 
of each characteristic habitat. 

Quantitative Table No. 3. 

SHORE HABITATS. 

Three types of habitats are included: 1, sandy bottom, 
with a few stones, water 6-8 inches deep, mollusks on stones 
and in loose valves of Unios; 2, sandy bottom with but few 
stones, water 6-10 inches deep; 3, very stony or bouldery bot- 
tom, water 6 inches deep. It is to be noted that the first men- 
tioned is the most prolific of the shore habitats including 9 
species represented by 115 individuals. The poorest is one 
of the bouldery habitats (3, XX VI) in which there are but 
2 species and 18 individuals. 

TABLE NO. 3. 

Hapsirat Type. 1 2 3 

SratTion NuMBER. OXON: || TT VALE. | SRV | XXV.|XXVI. | XXX,| XXXII. 
4. | | 2-1 

Ancylus parallelus........ 1A ee St Sivan | Moon acco \Waécoot de 
Planorbis hirsutus........ 1 Sol ee rare [Liedtey shel [Pra eyeseve | PEAAREC oo 
Planorbis companulatus. . . 1 i v4 NIE ae oy ee nea Feces ere:. yllomeeses Al] Mama cee = 
Planorbis binneyi......... 1 | SIG |e ole pees | earcter re 1 
Galba catascopium........ 7 1 11 ol Resor, ee cae ee ls, ee 
Physa ancillaria warren-| 
BOM Gerba emer Aonect le. <fa the 2 3 Lee SO | 14 | 16 | 1a Wee esee as 

Bythinia tentacuiata....... PPM | ate ial ora lisesi’ dlneuines arial lke Bey eter Shere 
Amunicola lustrica......... 49 lee niet Pre Satene. Wibcrsetate Wie sverere [Lk actetenete eve 

Campeloma integrum...... 1 { 19 | 5 NP RES erage Se 
Elliptio complanatus......) ..... ¥? 7 axe ee ere eS os al] eo See 
Lymnea stagnalis Lilliane.| ..... 1 ae 6 8 | 2 r 20 
Spherium vermontanum. .. 20 ae shat || oie ateca shall ewtazeien | Mevssaveliere iat 

MOGAIBE tc.ceet sete ct | 115 | 40 46 59 22 18 22 | 21 
| | 
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Quantitative Table No. 4. 

BOULDER-PAVED SHORES. 

The habitats listed in this table, eleven in number, are 
all bouldery and are on more or less exposed shores where 
the waves exert a marked influence. The water is from 1-3 
feet in depth. One habitat (X XV) supports 51 individuals 
of 8 species. The relation of this community to the bottom 
is expressed in Figure 32. The bivalves (1, 2, 3, 4) are seen 

to live in the sand between the stones, while the gastropods 
live for the most part on the stones. Gonzobasts is almost 

aaasstas 

vr) One 6) 

Fig. 32. Diagram illustrating quantity of mollusks in one square foot 
at station XXV, a boulder habitat, water 16 inches deep, 51 
specimens present. 

1. Lampsilis radiata (2). 5. Goniobasis livescens (12). 
2. Lampsilis luteola (1). 6. Galba catascopium (22). 
3. Anodonta grandis footiana (2). 7. Planorbis campanulatus (7). 
4, a Elliptio complanatus (3). 8. Planorbis hirsutus (2). 
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invariably found on the rocks and not on the sand. Galba 
and Planorbis live on both sand and rocks. Habitat XX XIII 
is one of the poorest in number of individuals, although sup- 
porting six species (Figure 33). The small number of gas- 
tropods is noteworthy. No. XI is the poorest habitat in both 
species (2) and individuals (7). This is a wave-swept point, 
too violent for gastropod life, but apparently favorable for 
bivalve life. Stations XX VI and XXX are especially favor- 
able for gastropods, notably Galba catascoprum, which is 
abundant. 

an meet Ao ea meen, 

\ 
\ 

Fig. 33. Diagram illustrating quantity of mollusks in one square foot 
at station XXXIII, a boulder habitat, water 16 inches deep, 
14 specimens present. 

l. Lampsilis radiata (2). 5. Planorbis campanulatus (1). 
2. Margaritana margaritifera (1). 6. Physa ancillaria warreniana 
3. Elliptio complanatus (5). (2). 
4. Galba catascopium (3). 
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Quantitative Table No. 5. 

SANDY AND SANDY-ROCKY SHORES, 

This table includes a variety of habitats all agreeing, how- 
ever, in having a large percentage of sand in the bottom com- 
position. Habitat 1 has a soft, silty bottom free from stones. 
The water is 1 to 3 feet deep, in which such plants as Scirpus, 
Dianthera, and Pontederia live. Six species and sixteen indi- 
viduals occupy this unit area. The four habitats in type 2 
have a sandy bottom with a few stones; the water is 2—4 feet 
deep and the plant forms are Scirpus and Pontederia. 
Thirty-seven individuals of 12 species represent the maxi- 
mum (XX XI, 1, C) and 19 individuals of 5 species the mini- 
mum in point of species (V, 1). Station XXI, 2, B, con- 
tained the smallest number of individuals per unit area, 10, 
although the number of species (8) is large (Fig. 34). The 
majority of the species are bivalves (7). Habitats of the third 
type in the table have a sandy bottom without stones, the water 
is from 2—5 feet deep and the dominant vegetation is Nymphea, 
Scirpus, and Pontederia. Of the four stations represented, 
that of XIX is by far the best from the quantitative stand- 
point, and its biota is of most value from an economic stand- 
point. Two samples were obtained from this station which 
are noteworthy. In one, 98 individuals represented by 17 
species were noted; in the other 163 individuals represented 
by 11 species were observed (Fig. 35). The large number 
of Amnicola and Bythinia, as well as of other small species, 
is to be especially noted, as these are of primary value as fish 
food, especially bottom feeders, like sunfish, suckers, and 
eatfish, An example of medium density is shown by III, 
2, C, (also Fig. 36) where 12 species are represented by 
54 individuals. In Station XXXIV but 4 species repre 
sented by 10 individuals are noted. In type 4 of the table, 
the bottom is soft and sandy, there are no stones, the water 
is from 1-3 feet deep and the dominant plants are Scirpus, 
Nymphea and Sagittaria. Seventeen individuals of 3 species 
are recorded. This might be considered a fair feeding ground 
for fish. 
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Quantitative Table No. 6. 

VEGETATION DWELLERS. 

The vegetation habitats naturally divide into three well 
characterized types. 1, includes those species living on lily 
pads, and five distinct situations of this kind were studied 
quantitatively. Two species of plants are represented, 
Nymphoa and Castalia, the mollusks showing no preference. 
It is probable that a preference is shown at different times by 
some species for the upper and lower surfaces of the leaves, 
but no selection of this kind was noted, mollusks being 

Fig. 34. Diagram illustrating quantity of mollusks in one square foot 
at station XXI, habitat 2, B, sandy bottom, water 18 inches 
deep, 10 specimens present. 

1. Hlliptio complanatus (1). 5. Anodonta grandis footiana (1). 
2. Anodonta cataracta (]). 6. Alasmidonta undulata (1). 
3. Anodonta marginata (1). b. Spherium vermontanum (3). 
4. Anodonta implicata (1). D. Campeloma integrum (1). 
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observed on both sides. Station I, 2, C is an example of a max- imum lily pad habitat, 10 individuals represented by 3 species being noted (Fig. 37). It was observed that Acella usually chose the edge of the leaf for its position, while Physa and Pseudosuccinea apparently had no choice, using all parts of the surface. In this type of habitat the water is 3-5 feet deep and there is usually a quantity of submerged vegetation pres- ent. Each leaf averages about eight inches long and they are close enough together to figure each leaf as occupying a square foot of habitat. The table indicates the variation in number of individuals and species on the lily leaves of other 
stations, 

Type 2 is a pure L'ypha habitat, the surface of the water, and the bottom as well, being covered with dead Typha leaves. The water is from one-to two feet deep. Open spaces of water support a duck weed society. Clinging to the dead vegetation on the surface 18 individuals representing 5 species 
were estimated in one square foot of surface area, Planorbis trivolvis being the most numerous (see Fig. 38). Type 3 includes those stations in which the water is filled with sub- merged vegetation, such as Chara, Potamogeton, Elodea, Ceratophyllum, Vailisneria, ete. The water js usually from 3 to 7 feet in depth. Numerically, this is the most prolifie of all habitats. An area one foot square and reaching to the bottom (in the spot counted, the water was four feet deep) contained 174 individuals, representing 6 species, 147 of which were of one species, Bythinia tentaculata. As many of these individuals were young and of small size they are especially valuable as food for the smaller fish that frequent such a habitat. Station XL, in Big Bay, was the poorest, producing but 4 individuals of 2 species. 
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TABLE NO. 6. 

wo 

Hasirat TYPES. 
1 2 

SraTion NUMBER. I Ill, poe | = | XENON | oNeNOle | XX XIX, XL. 

Acella haldemani.......++-- |} 3] 1 5 

Pseudosuccinea columelia....|..-\--+- ic 

Pseudosuccinea columella, 5 i: BPA Metensss 

chalybea..... ++ --2222+0° 

Lymnaea stagnalis lilliane..|.. alle ie 

Planorbis campanulatus.....|-- SEZ llerie = 

Planorbis trivolvis........--|++-\|+s> hte eo a ec A ae ath eienepotated 

Planorbis hirsutus........-- ened Ve Ue) Vso eee Vata aM see al Vt. 

Planorbis exacwous......-++|+-++|- |r?
 

Planorbis partus.......-+-- JES |ESA Alter exer ate 
oats 

Ancylus fuscus......++++-+ I PSeaAl wat ll eeonsears |e eee epecees 
leas 

Ancylus parallelus.....----\-3-)+3° bere es! eae 

Physa ancillaria warrenianda. | Falla egos c 

Physa gyTind.....---+++-5° Waar 
ees 

Valvata bicarinata normalis.|..-\-+-|+-+-° ite sree 

Bythinia tentaculata.......
.|.--|---ferreefortt yy Nee eed bons, Ocoee 147 

Amnicola lustrica......--+- \ eco |e tao aco rae 40 | FRc. wall conte acl eee 

Motalea ss. « sys Gy HOS Ay Sale Zaltatr 4 18 174| 4 
| | |e | | 

Tn many pond-hily habitats, a number of mollusks live 

attached to the submerged leaves of Scirpus, Dianthera and 

the stems of Nymphea, Castala, and floating Potamogeton- 

Acella in one habitat (Station XXXI, 1, B) was partial to 

the submerged leaves of Scirpus smithi: (Fig. 39, 1). At 

other stations Galba catascoprum and Planorbis campanulatus 

were observed on the submerged portions of Dianthera (Fig. 

39,2). The latter species (Planorbis) often attaches itself 

to the stems of Nymphea, ( vastalia and Potamogeton natans. 

The leaves of the latter plant also served as a resting place 

for Acella at one station (X, B). No estimates of the num- 

ber of individuals in these latter habitats have been made. 

It will be noted that in many habitats one or more species 

dominate (these may be called principal species) ; thus a 

boulder association may include 30 Galba and 3 Gonobasis, 

or 15 Goniobasis and no Galba. Thus we have communities 
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in which the following genera dominate by the larger number of individuals present. 

Lymnea stagnalis. Lampsilis, Elliptio. Galba, Goniobasis. Acella, Pseudosuccinea. Amnicola, Bythinia. Bythinia, Physa. Spherium, Gillia. 

Fig. 35. Diagram illustrating quantity of mollusks in one square foot at station XIX, sandy bottom, water 18 inches deep, 162 Specimens present. 
b. Spherium vermontanum (1). 

Amnicola lustrica (23K 
X. Amnicola limosa (16). 
t+ Bythinia tentaculata, mostly young (63). * Goniobasis livescens, mostly young (5). 0. Valvata tricarinata, ad. & Juv. (9). ce. Planorbis campanulatus (1). Y. Planorbis hirsutus, ad. & juv. (5). © Planorbis antrosus, ad. & juv. (11). v. Galba catascopium, mostly juv. (26). {| Physa ancillaria warreniana, ad. & juv. ( 3). 
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9. Estimates or Toran VALUATION. 

It would be futile in view of the insuflicient and fragmen- 

tary character of the data at hand, to attempt to estimate the 

total amount of molluscan food in Oneida Lake. ‘To do this 

will require several seasons’ work and the accumulation of a 

vast amount of accurate data. Also, the values should be 

based on the dry weight of the animal after extraction from 

the shell. It may not be out of place to consider briefly what 

some of the estimates indicated in the quantitative tables 

mean when increased to cover large areas. Thus, a boulder 

habitat, 300 x 500 feet, such as that of Station XXV, where 

51 individuals were counted from an area one foot square, 

would contain 7,650,000 individuals. Again, a sandy bottom 

habitat, similar to that of Station XIX, where two counts 

indicated a population of 95 and 163 individuals respectively, 

would contain the enormous number of 65,000,000 indi- 

viduals in an area 1,000 x 500 feet, and areas larger than this 

occur along the shore, as west of Shepard Point. In the vege 

tation habitats, a pond lily zone 100 x 30 feet would contain 

30,000 individuals, estimating 10 per square foot. In the 

outlet, where the submerged vegetation gave a count of 174 

per square foot, and where there is an area fully 3,500 x 500 

feet, if the unit count is a fair average for this entire area, 

the enormous number of 304,500,000 individuals, mostly 

Bythinia, are present. These estimates might be extended 

indefinitely but the above examples will suffice to indicate 

the vast quantity of molluscan food in the waters of the lake. 

It is to be noted that this rich life is confined exclusively 

to the shallow area bordering the shores, an area usually not 

exceeding three-quarters of a mile in width and twelve feet 

in depth. In deeper water, of 12 to 16 feet, vegetation is 

scanty or absent, and there is a scattering fauna of bivalves, 

principally mussels. Only 17 individuals of 3 species were 

brought up after half a day’s dredging with the crowfoot 

dredge. With proper apparatus and time it will be possible 

to estimate with a fair degree of accuracy the amount of 

mollusean, as well as other life, in the waters of this inland 
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lake. The statement made by Petersen, that the bottom con- ditions and fauna of the habitats examined by him remained practically unchanged for a period of twenty years (op. cit. p. 4) is significant and should be borne in mind when making quantitative studies in Oneida Lake. 

It is to be especially noted that where a great abundance of vegetation exists, choking the water, there will he few if any mollusks. Dr. Jean Dawson, after making exhaustive studies upon Physa and Lymnea, came to the following con- clusions (op. cit. p. 29) concerning this feature: 
1. Where the pond weeds have captured quiet waters, there were found no snails alive or dead. 
2. Snails live in moderate numbers where there is a luxuriant growth of weeds if there be a considerable depth of water above the plants, or if the water is gently flowing over them. 3. The snails occur in the greater numbers where there is a moderate amount of water plants and organic debris. 

Tt is probable that the abundance of molluscan life in Oneida Lake, where the submerged vegetation forms a heavy mass, is due to the amount of fresh water which is forced into the protected bays by the waves. An adequate oxygen supply seems to be the important factor, 

C. MOLLUSCAN Foop HABITS. 
The abundance of molluscan life is dependent upon a favor- able environment and a sufficient supply of food. The water must contain a sufficient supply of oxygen, produced by eur- rents of water, bringing in a fresh supply of water or aerating the water present by means of air currents which move the liquid medium. Plants also furnish some oxygen. There must also be a proper substratum or bottom, a requisite depth of water, and the plants or animals necessary for food require- ments. Oneida Lake contains all of these conditions in abundance. 

Mollusks may be divided into consumers or predaceous and producers or vegetarians. The former are predatory, feeding upon other animals or their own kind, the latter are mostly vegetable feeders and convert plant material into mollusean 
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tissue. The latter will be first considered. It will be remem- 

bered that Petersen observed that the bottom samples were 

made up of a top layer, brown and fluffy in appearance, which 

it was suggested formed a large part of the food of mollusks 

and other animals (see page 117). In Oneida Lake the sur- 

face of the bottom deposits, in bays and quiet bodies of 

water, is precisely this character, and no doubt is used by 

Spherium and Pisidium, both of which lie in_ this 

deposit. The Unionide, however, are probably not able to 

Fig. 36. Diagram illustrating quantity of mollusks in one square foot 

at station III, habitat 2, c, sandy bottom, water 2 feet deep, 

54 specimens present. 

. Campeloma integrum (2). 

. Amnicola lustrica (8). 

. Valvata bicarinata normalis 

(4). 
_ Planorbis campanulatus (1). 

. Planorbis hirsutus (1). 

b. Spherium vermontanum (10). 

z. Pisidium variabile (2). 

1. Pisidium compressum  (lavi- 

gatum (8). 

. Pisidium species (3). 

Pisidiwm species (4). 

. Gillia altilis (11). 

KQ O70 

bam 

4 
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use this dust-fine detritus on the bottom, but take it directly 
from the water in which it is held in suspension, or is brought 
to them by the currents. It has been generally held that the 
plankton furnishes food for the bivalve fauna, but it has not 
been demonstrated that the entire food consists of this 
material. The stomach and digestive tract of the fresh water 
mussels is often filled with an indistinguishable brown mass 
exactly like that of the upper bottom layer. Algv are also 
used to a large degree. 

Fresh water gastropods are normally vegetarians, feeding 
on algze and the soft parts of plants, usually the epidermis. 
An extensive vegetation is, therefore, a prerequisite for an 
abundant and varied molluscan fauna, and it is notable that 
where the water is deep and vegetation absent or only sparsely 
present, molluscan and other invertebrate life is scarce or 
absent. Plants not only afford a place. for support, upon 
which snails may crawl and find a resting place, but they are 
actually eaten as the regular food supply, a fact which any 
one may verify by watching snails upon leaves and stems of 
plants. In view of this fact the statement of Shelford (1913, 
p. 58) that “‘ we could probably remove all the larger rooted 
plants and substitute something else of the same form and 
texture without greatly affecting the conditions of life in the 
water; that is, so far as the life habits of the animals are 
eoncerned ” is misleading. Dissection of snails reveals the 
tissues of plants in their intestines. Green filamentous and 
unicellular alge are largely eaten but do not form all of the 
diet by any means. Dawson (1911, pp. 68-69) observed 
Physa eating tender green shoots of Chara and Elodea, also 
the leaves of grass, maple and elm when partly decayed, the 
snail eating only the soft tissues, leaving the hard skeleton 
nntouched.* 

The fresh water pulmonates, Physa, Lymnea, Planorbis, 
also feed upon animal matter. Dawson records a Physa eat- 

ing amphipods (Gammarus) confined with them in an 
aquarium, although it is believed that the crustaceans died 

*Op. cit., p. 69. See this author on the use of mucus while feeding. 
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before being eaten, as Physa is not known to eat living ani- 

mal food. As has been already stated, Physa lives on both 

vegetable and animal f« sod, but does not attack living animals ; 

Planorbis lives entirely on plants; while Lymivea eats plants 

and animals, dead or living, and even commits cannibalism. 

Ancylus is known to eat only plants, mostly decaying 

material. Campeloma is scavengiferous as well as phyto- 

phagous, Dr. C. C. Adams having observed species of this 

genus feeding on a dead fish on the shore of a small stream 

tributary to the Desplaines River, near Riverside, Hlinois. 

Fig. 37. Diagram illustrating quantity of mollusks in one square foot 

at station 1, habitat 2, ¢, vegetation, Castalia odorata, 

10 specimens present. 

1. Acella haldemani (3). 3. Physa ancillaria warreniand 

2. Pseudosuceinea columella chaly- (2)5 

bea (5). 
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I. Vurerrante Freepers. 

Vegetable feeders may be divided into the eaters of vegetable plankton, alex, slime, dust-fine-detritus, and coarse plant-tissues. It has not been possible in the present work to differentiate all of these Variations in food habits. During the progress of the field work on the lake, precise records were kept of the species of plants used by the snails for both food and support. In many cases the mol- lusks were feeding upon the plant upon which they were resting, but it could not always be determined whether the plant tissues, or slime or alge were being eaten. In the fol- lowing tables all of the molluscan species are listed which have been observed on each species of plant. 

A. Species Living on Macroscopic Plants. 

I. Species on submerged stem of Broad-leaved Arrow- head (Sagittaria lat ifolia) : 
Galba catascopium, common. Physa ancillaria warreniana, com- Planorbis campanulatus, common. mon. Planorbis trivolvis, var., not com- 

mon. 

2. Species on stem of Pickerel-weed (Pontederia cor- data). 

Planorbis campanulatus, common. Physa ancillaria warreniana, com- Planorbis antrosus, not common. mon. IManorbis trivolwis, var., not com- Galba catascopium, common. mon. 
Bythinia tentaculata, common. 
Lymnea stagnalis lilliane, rare. 

3. Species on submerged portion of Water Willow 
: I : e 

(Dianthera am ervcana ). 
Lymnea stagnalis lilliane, not Physa ancillaria warreniana, com- common. 

mon. Planorbis campanulatus, common. Galha catascopium, common. Planorbis antrosus, not common. Bythinia tentaculata, common, Planorbis trivolvis, var., not com- Succinea retusa, rare. mon. 
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4. Species on submerged portion of Bulrushes (Scurpus). 

Lymnea stagnalis lillian, rare on 

S. amer.canus. 

Planorbis campanulatus, common 

on S. americanus and S. occiden- 

talis. 
Planorbis antrosus, 

on S. occidentalis. 
Planorbis trivolvis, var., common 

on S. americanus and S. occiden- 

talis. 

not common 

Physa ancillaria warreniana, €om- 

mon on S. americanus. 

Galba catascopium, common on 8. 

americanus and 8. occidentalis. 

Bythinia tentaculata, not common 

on S. americanus and S. occiden- 

talis. 
Acella haldemani, common on 8. 

smith. 

Acella adheres so closely to the leaf of the Bulrush that it 

resembles a sharp spine protruding from the plant. 

Fig. 38. 

. Lymnea stagnalis lilliane (2). 

. Planorbis trivolvis (10). 

. Planorbis exacuous (2). wre 

Diagram illustrating quantity of mollusks in one square foot 

at station XXXI, habitat 2. 

leaves in and on water. 
A Typha marsh with dead 

29 specimens present. 

4. Planorbis parvus (3). 

5. Ancylus fuscus (12). 
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5. Species on leaves of two Water-lilies (Castalia odorata and Nymphwa advena). 
Acella haldemani, upper and under — 

sur ace, common. 
Pseudosuccinea columella, 

on upper side, common. 
Pseudosuccinea columella chalybea, 

mostly on upper side, common. 
Planorbis campanulatus, on upper 

and under sides, common, 
Planorbis trivolwis, on upper and 

under sides, common. 

mostly 

Planorbis 
rare. 

Physa ancillaria warreniana, wp- 
per and under side, common. 

Physa gyrina, a few on Nymphea * 
advena. 

Ancylus parallelus, under surface, 
common. 

Lymnea stagnalis lillian, egg cap- 
sules common on under suriace 
of leaf. 

hirsutus, under side, 

6. Species on stem of Water-liljes (Castalia odorata and Nymphea advena). 
Acella haldemani, rare. 
Lymnea stagnalis lilliane, rare. 
Planorbis campanulatus, common. 

Planorbis trivolvis, common. 
Bythinia tentaculata, common. 

7. Species on leaves and stems of Floating Pond-weed (Potamogeton natans)., 
Acella haldeman i, common. 

8. Species on submerged leaves on Elodea canadensis. 
Bythinia tentaculata, abundant. 
Physa ancillaria warreniana, com- 

mon, mostly young. 
Valvata bicarinata normalis, not 

common. 

Planorbis ca mpanulatus, common. 
Planorbis parvus, not common. 
Ancylus parallelus, not common. 
Amnicola lustrica, rare. 

9. Species feeding on green alge growing on stones, 
Lymnea stagnalis lilliane, com- mon. 
Planorbis binneyi, common. 
Planorbis trivolvis, var., common. 

Planorbis hirsutus, rare. 
Physa ancillaria warreniana, com- 

mon. 
Goniobasis livescens, common. 

B. Species Living on and Eating Dead Vegetation. 
10. On dead leaves of Narrow-leaved Cat-tail (Typha angustifolia). 

Ancylius fuscus, common. 
Planorbis trivolvis, common. 
Planorbis parvus, common. 

Planorbis exacuous, common. 
Lymnea stagnalis lilliana, rare. 
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41. On dead leaves of Bur-reed (Sparganvum eury- 

carpum). 

Ancylus parallelus, common. 

12. Species on dead Water Celery (Vallisneria spiralis). 

Planorbis campanulatus, common. Physa ancillaria warreniana, com- 

Planorbis hirsutus, rare. mon. 

Galba catascopium, common. 

Fig. 39. Diagram illustrating relation of certain mollusks to vegeta- 

tion. 

1. Acella haldemani on Scirpus smithu. 

2. Planorbis trivolvis, var. (1) and Galba catascopium; (2) 

on Scirpus americanus. 

3. Bythinia tentaculata on Elodea canadensis. 
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The table is instructive, indicating that 22 species have 
been observed to live upon certain plants. In three in- 

stances, 8 species have been observed to use one species of 
plant for rest or food. Five species have been seen to eat 
green filamentous alge and 6 species were observed to eat 
dead vegetable matter. These observations are too few for 

generalizations but are suggestive for future work. 

Ik: Species Livine on Microscopic Puants, Derritus, 
Ere. 

1. Species living on stones and boulders. 

Galba catascopium, very common. 
Galba emarginata, rare. 
Goniobasis livescens, very common. 
Planorbis antrosus, rare. 
Planorbis campanulatus, common. 
Planorbis binneyi, common. 

2 

Planorbis campanulatus, not com- 
mon. 

Galba catascopium, rare. 
Gillia altilis, common. 

Physa ancillaria warreniana, com- 
mon. 

Physa integra, common. 
Lymnea stagnalis lilliane, com- 

mon. 
Ancylus tardus, common. 

2. Species living on sandy shore, not burrowing in sand. 

Somatogyrus subglobosus, common. 
Amnicola lustrica, common. 
Amnicola limosa, common. 

3. Species living on a sandy bottom, burrowing in sand. 

Elliptio complanatus, common. 
Lampsilis radiata, common. 
Anodonta cataracta, common. 
Anodonta grandis footiana, 
common. 

Musculium securis, common. 
Musculium rosaceum, rare. 
Spherium vermontanum, common. 
Sphervum striatinum, rare. 
Pisidium compressum, common. 

not 

Pisidium compressum. levigatum, 
common. 

Pisidium variabile, common. 
Pisidium cequilaterale, rare. 
Pisidium ferrugineum, rare. 
Pisidium henslowanum, common. 
Campeloma integrum, common. 
Campeloma decisum, common. 
Vivipara contectoides, common. 

4, Species living on gravelly or bouldery shore, burrowing 
in the sand between the stones. 

Elliptio complanatus, very com- 
mon. 

Lampsilis radiata, very common. 
Lampsilis luteola, very common. 
Lampsilis borealis, very common. 
Lampsilis iris, rare. 
Anodonta cataracta, very common. 
Anodonta implicata, very common. 

Anodonta marginata, rare. 
Anodonta grandis jootiana, rare. 
Margaritana margaritifera, 

common. 
Strophitus undulatus, rare. 
Spharium vermontanum, not com- 

mon. 

not 

i ia ae 

ee ee ee 
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5. TABLE NO. 8, 

The Relation of Mollusks to Fish in Oneida Lake 143 

EATERS OF MICROSCOPIC FOOD. 

SprEcIEs. 

Hasirat or Mouuusss. 

Vivipara contectoides.... 
Campeloma decisum..... 
Campeloma integrum.... 
Goniobasis livescens..... 
Amnicola limosa........ 

Giriltay litlt8, sie sci 
Bythinia tentaculata..... 
Somatogyrus subglobosus . 
Galba catascopium....... 
Planorbis antrosus...... 
Planorbis campanulatus. . 
Planorbis binneyi....... 

Physa integra........... 
Lymnea stagnalis lilliane 
Ancylus tardus......... 
Spherium vermontanum.. 
Spherium stratinum..... 
Musculium securis 

Pisidium ferrugineum 
Pisidium compressum 

Pisidium variabile...... 
Pisidium equilaterale 
Pisidium henslowanum. . . 
Elliptio complanatus..... 

Strophitus undulatus..... 
Lampsilis rudiata....... 
Lampsilis borealis....... 
Lampsilis luteola........ 
Lampsdts tris.......... 
Anodonta cataracta...... 
Anodonta implicata...... 
Anodonta marginata..... 
Anodonta grandis footiana 

Physa ancillaria warreniana 

Pisidium compressum levigatum 

Magraritana margaritifera 

Alge. 

On Stones 
or Shells. 

| 
| 
| On Sand. 

Plankton. 

Burrowing 
in Sand. 

| Detritus & | Detritus & 
| Plankton. 

HAKHK KKK KKH 

12 

In the table it may be noted that the boulder-inhabiting 
gastropods are algv eaters. 
over the slime on the stones. 

They have been seen browsing 
Those species living on the 

sandy bottom probably eat slime, alge and the dust-fine 
detritus of the top layer. Those species that normally burrow 
in the bottom are doubtless divided in their source of material. 
The snails and small bivalves must necessarily eat the 
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detritus covering on the bottom while the large bivalves, 
owing to the position which they assume (the siphons in the 
water above the bottom), must take their food from the water 
and this probably consists of dust-fine detritus held in sus- 
pension and some plankton. Laboratory experiments, ex- 
tended field observations and stomach examinations will be 
necessary to provide a body of facts in support of these 
inferences. 

III. Recorps or OTHER OBSERVERS ON THE VEGETABLE 

Foop or Mo.uuusks. 

Records of the use by mollusks of definite species of plants 
are rare, most statements simply asserting that mollusks 
feed or rest on plants. A few of these more definite state- 
ments appear below. 

Hankinson (1908, p. 235) states that in late spring the 
following snails were collected from algze, chiefly Vaucherva. 

Valvata tricarinata Say. Planorbis parvus Say. 
Amnicola limosa Say. Pisidium sp. 

Moore (1915, p. 284) found Ancylus on two species of 
Pond-weed, Potamogeton americanus and P. amplvfolius. 
The statement is made. (p. 285) that ‘The Mollusca — 
Planorbis, Iamnea, and Physa— were common on all of the 

Potamogetons.” 
Walker (1896, p. 97) records an abundance of small mol- 

lusks as living in a thick bed of Chara, at High Island, near 
Charlevoix, Mich. A single haul of the dredge brought up 
several hundred specimens, embracing 26 species belonging 
to 7 genera as noted below: 

IGYIMMBA CATR, lee eke nese eicdeleciae eee 5 species 
(Bilan ones: tir ethens etdercisas > nies Re 3 < 
IPD Sais errons weiss acre cll ease eae 1 od 
Walliviaitaaacien.c yaar cote eehS cote OR eae 2 es 
JAmTitcola: take. See, od Woe 3 a] 
Bythinellasy seems iesis oe Eee 1 4 
Pisvdiumeeys seeusee = - Be ne 5 a 11 sf 

ROGAN SARI. is eel ne serene ede 26 fF 
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Actual records of the stomach contents of fresh water 
mussels are rare. Two of the best of these papers are by 
Wilson and Clark (1912). The information on mussel 
food contained in one of these papers, which describes 
the mussels of the Kankakee River in Indiana and Tllinois, 
is given below (op. cit., pp. 10, 12). The mussels were 
collected in the Lake of the Woods, and Pretty Lake, near 
Plymouth, both localities being in Indiana. 

Algae. 

Chlorophyceze 

Cosmariwm in Anodonta grandis, Lampsilis luteola. 
Pediastrum in Anodonta grandis. 

Cyanophycewe 

Clathocystis in Anodonta grandis, Lampsilis luteola. 
Calospharium in Anodonta grandis. 

Rotifera. 

Anurwa in Lampsilis luteola. 

Nematoda. 

Ascaris in Anodonta grandis. 

Clark and Wilson (1912, pp. 60, 61) also summarize the 
food habits of the mussels of the Maumee River as follows: 
“ The stomach contents of mussels taken from the main cur- 
rent of the St. Mary’s, St. Joseph, and Maumee rivers were 
rather noteworthy for their paucity of organic material. 
Through the large mass of muddy matrix filling the stomach* 
were usually scattered a few Scenedesmus, various diatoms, 

and an occasional Pediastrum or Cosmarium. At the riffles 
small brown ecystlike objects, which may have been a species 
of Trachelemonas, were quite common; with the exception of 
this the mussel contained very little. Among the organisms 
noted were Scenedesmus caudatus, Celastrum microsporum, 
Pleurosigma, several forms of Navicula, Phacus longicaudus, 
Pediastrum baryanum, Gomphonema, a sponge spicule, and 
an active Huglena-like organism. 

*This is probably the kind of material described by Petersen as “ dust- 
fine ditritus.”—F. C. B. 
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“The stomach contents of the mussels found in the reser- 
voir of the feeder canal, a shallow, pond-like body of water, 
bore considerable contrast to that of the river. * * * It 
was “puddle plankton” rather than that which is char- 
acteristic of either lakes or rivers. * * * ‘The main mass 
consisted of small globular and thick celled green or brown- 
ish flagellates, probably Trachelemonas lagenella. Among 
other organisms were species of Phacus, several species of 
Scenedesmus, Pediastrum pertusum, Gomphonema, several 
species of Navicula, a little Botryococcus braun, Anu 
cochlearts, Cosmarium, small fragments of a Conferva-like 
alga two or three cells long, fragments of the test of Ceratium 
hirundinella, and the brown objects resembling fungus 
spores. ‘There were numerous narrow curved objects which 
were probably loricas of T’rachelemonas.” 

Allen (1914, p. 129) studied the food and feeding habits 
of eight species of mussels from Winona Lake, Indiana. 
Those species marked with an * occur in Oneida Lake. 

*Lampsilis luteolus Lam. Lampsilis rectus Lam. 
Lampsilis subrostratus Say. Quadrula rubiginosa Lea. 
Lampsilis alatus Say. Unio gibbosus Barnes. 
*Lampsilis ligamentinus Lam. *Anodonta grandis Say. 

“Being by far the most numerous in Winona Lake, 
L. luteolus was used for the greater part of the work.” 
( Allen.) 

After considering the methods of digestion and feeding, 
including the action of cilia and the function of mucus for 
ingestion, Allen lists (p. 188) the species of plants (by 
genera) and other material found in the stomach and intes- 
tine. No reference is made to Petersen’s “ dust-fine detritus ” 
but in the statement “ but the mussel does not refuse minute 
dead animals or small fragments of sloughed and decaying 
animal tissue,” this material may be included, as also part of 
the list of miscellaneous contents listed on page 139. The 
full list of plants (which is qualitative only) and. other 
material in the alimentary tract is given below: 
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DIATOMACE®. OTHER ALG. 

Amphora. Anabaena. 
Arachnoidiscus. Aphanocapsa. 
Cocconeis. Caelastrum. 
Coconema. Cylindrocapsa. 
Coscinodiscus. Eudorina. 
Craspedodiscus. Glaeocystis. 
Cymbella. Leptothriz. 
Epithemia. Lyng bya. 
Fragilaria. Merismopedia. 
Gomphonema. Aldogonium. 
Melosira. . Oscillatoria. 
Navicula. Pandorina. 
Pleurosigma. Pediastrum. 
Surirella. Protococcus. 
Synedra. Rhaphidium, 
Triceratium. Scenedesmus. 

DESMIDACEZ, Pa hE a 
Tetraspora. 

Closterium. Ulothriz. 
Netrium. Vaucheria. 
Staurastrum. 

MiscELLANEOUS CONTENTS. 

Inorganic fragments, plant and animal debris, mold, ova 
and spermatozoa of other animals and of the same individual 
or species (the sperm living and in motion), and spores and 
swarm spores. 

In a recent work, Robertson (1915, pp. 99-104), indicates 
the food of a number of mollusks and the information is 
tabulated below for convenience. Campeloma decisum is 
said by this author to feed on decaying vegetable matter. 
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TABLE NO. 9. 

Fila- G 
mentous | Desmids. | Diatoms. iy 

algee. mee 

Galbaiemarguvata canadensis. anne | 2 eee eee x 
Galbamnalusinisme reer x x p, amet [PSRs 
Pseudosuccinea columella...:.| ........ x x x 
Atcellaynaldemanivcer:) orev) sovrtrcies elt ee eee eee x 
FLONGTDISIOLCOTINGLUS epee | ei ee eooe eo: Le eee x 
Planorbis trivolvis.......... x x Xo Rll aaeemecne 
Planorbis campanulatus..... x ax p RD (ae BP ok ES 5 
FARYSG Meter OSTTO PNG see eee| ee x Xx x 
UDG CHLCULOTUT. oe 6s.0 39 SallMa8os 6 Gac x x x 
Gontobasis livescens.......2| -.55+-.- x Koti oe ae 

Gleason (1908, pp. 63-64) records the following species 
as living on the under side of pond-lily leaves, one-third of 
all leaves having one or two shells on them. 

' Valvata tricarinata. Galba catascopium. 
Valvata sincera nylanderi. Amnicola limosa. 

Physa species. 

In an inland lake (op. eit.), the bottom of which was cov- 
ered with a thick mass of twigs and coarse vegetation, sev- 
eral species lived and probably fed on the dust-fine detritus, 
as well as the decaying vegetation. ‘These are: 

Valvata tricarinata. Planorbis exacuous. 
Planorbis antrosus. Valvata sincera nylanderi. 
Amnicola limosa. Pisidium species. 

H. B. Baker (1911, p. 164, et. seq.) lists the following 
relation between mollusks and vegetation: 

Planorbis exacuous, on lily pads 
under side. 

Planorbis hirsutus, on lily pads, 
under side. 

Planorbis deflectus, on lily pads, 
under side. 

Planorbis bicarinatus, in alge, 
principally Vawceheria. 

Planorbis trivolvis, on lily pads 
and among algze. 

Planorbis campanulatus, 
pads and Potamogeton. 

on lily 
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Planorbis parvus, on lily 
under side. 

Planorbis crista, on lily pads, un- 
der side. 

Ancylus parallelus, on lily pads, 
under side. 

Physa heterostropha, on lily pads, 
and among Potamogeton. 

Physa gyrina, on lily pads. 
Physa integra, among Vaucheria 

and on lily pads, under side. 

pads, 
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Goniobasis livescens, an Potamoge- 
ton, 1 specimen. 

Amnicola limosa, on lily 
Potamogeton, in alge. 

Spherium solidulum, among Vau- 
cher. 

Musculium 
Sphagnum. 

Musculium securis, among Sphag- 
num. 

pads. 

truncatum, among 

F. C. Baker (1911, pp. 235-240) records a number of 
mollusks in relation to vegetation, as noted below: 

Aneylus parallelus, on lily-pads, 
under side. 

Planorbis parvus, on lily pads, un- 
der side. 

Pseudosuccinea calumella, on lily 
pads. 

Galba lanceata, on leaves of Typha 
latifolia. 

ENS Species Livine on Antmat Foon, Prepacrous IN 
Part. 

Only a very small percentage of fresh water mollusks are 
predaceous. Dr. Jean Dawson has summarized the food 
habits of the fresh-water pulmonates, and we cannot do better 
than quote from her valuable paper (1911, p. 84). “ Physa 
is almost omnivorous in its food habits, feeding upon a 
variety of plant and animal forms, fresh or in various stages 
of decay. Lymnea stagnalis, L. palustris and L. reflexa have 
carnivorous and cannibalistic traits while the genus Physa 
is not known to take living prey. Planorbis trivolvis and P. 
bicarmata (antrosus) on the other hand have a vegetable 
diet only. The conditions of the habitats determine largely 
the food eaten by the snail, the greater variety being found 
in still water.” 

Both Physa and Lymnea are good scavengers. The writer 
has observed Lymnea stagnalis appressa and Galba palustris 
on dead bodies of cats, dogs, and fish floating in the water. 
Several biologists have experimented with species of the 
family Lymneide with interesting results. Thus, Walter 
(1906, p. 21) remarks that Galba palustris “ feeds readily on 
dead flies, tadpoles and its own eggs, as well as on other snails 
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when their shells have been crushed. It was also seen to en- 
gulf and retain the feeces of other snails.” These snails were 
seen to rasp off pieces of Lemna, both living and dead, and 
green apples placed in the aquarium were greedily eaten. Col- 
ton (1908, pp. 420-425) states that the food of Lymnea con- 
sists normally of diatoms, desmids, unicellular and filament- 
ous alge. This author fed Pseudosuccinea columella on 
Myriophyllum and Llodea, these water plants being eaten by 
some and refused by others. The writer (1911, pp. 42-44, 147, 
170, 190, 311, 414) has recorded many observations relating 
to food of the Lymneas, which is here summarized. Lymnea 
stagnalis appressa was observed to feed upon dead animals 
and rotten vegetables and it is said to attack small fish 
(stickleback). Pseudosuccinea columella has been seen feed- 
ing on decaying water plants and pond scum (Sptrogyra). 
The large Bulimnea megasoma feeds on pond lily leaves and 
has been known to devour the animals of land snails and fresh 
water mussels with great greediness. In Lake Cobalt, Can- 
ada, this species lives in water strongly impregnated with 
arsenic. Galba palustris is omnivorous, eating vegetation, 
rotten fruit or decaying vegetation, dead animals and even 
attacking living animals (a leech). Galba emarginata is said 
to feed on the confervoid algze on the rocks in Maine. 

In quiet bays and ponds a bottom soil is sometimes formed 
chiefly by the excrement of the bottom fauna and plant re- 
mains. Such a bottom soil is known as gytje among the 
Danish biologists. This condition has not been observed in 
Oneida Lake. 

Examination of Stomach Contents of Lymnza. 

In order that definite information might be secured con- 
cerning the food of the large Lymnas, the crop of a number 
of examples of Lymnea stagnalis lilliane were examined. It 
will be observed that bryozoan statoblasts form 3.75 per cent., 
Planorbis 10 per cent., and alge and plant fragments 86.25 
per cent. Only one individual of the five containing food 
had eaten animal matter, in this case the mollusk, Planorbis 
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campanulatus which formed 40 per cent. of the total con- 
tents. In this connection it is interesting to note that 
Lymnea stagnalis appressa has been noted by Prof. W. M. 
Smallwood, of Syracuse University, to have nearly driven 
Planorbis from the Erie Canal in the eastern part of Syra- 
euse. The data obtained from five specimens of var. lilliane 
is as follows: 

Nos. 1-3, collected on Frenchman Island, in 6 inches of 

water, clinging to stones near shore, Sept. 10, 1915; No. 4, 
Long Island, near shore, Sept. 9; No. 5, Shaw Point, in water 
6 inches deep, on stones, Sept. 14. All specimens full grown, 
35-40 mill. long. 

No. 1. In crop and esophagus. 

Adoeand plant fragments. 02.5205. 0. waesieela. 100 per cent 

No. 2. In crop. 

Bryozoa. 5 statoblasts of Plumatella............ 5 per cent 
Plants. Filamentous alge and plant tissues..... 95 per cent 

No. 3. In crop. 

Bryozoa. 10 statoblasts of Plumatella........... 10 per cent 
Mollusca. 2 Planorbis campanulatus, 2 mill. 

GIS ars pak erie ee Ht 40 per cent 
Fragments of mollusean shell...... 

Plants. ilamentous alee. fiscal « yeles a 
Small seed, Oiip lant 45 spout egetens Ss 50 per cent 

No. 4. In crop. 
Filamentous alge and unicellular plants (diatoms) 100 per cent 

No. 5. In crop. 

Acarina. 1 water-mite; balance of contents digested matter and 
small pieces of sand, white quartz. 

Lymnea is peculiar in possessing a thick crop resembling 
the gizzard of a bird, in which are usually found a few fine 
sand grains, which evidently aid in breaking up or grinding 
the plant tissues torn off by the jaws and radula. Interesting 
notes on this organ may be found in the papers by Colton 
and Baker, cited in this chapter. A series of dissections and 
stomach examinations would undoubtedly prove of great value 
in adding to our knowledge of this subject. 
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: D. SUMMARY. 

Tt has been shown that the molluscan fauna of Oneida Lake 
is of great variety and abundance and provides a valuable food 
asset for fish. The individuals are abundantly scattered over 
a wide area in the shallow water, each type of habitat — 
shore, boulder-paved, sandy and vegetation-filled — having 
associations of great extent. There is no location in the lake, 
excepting perhaps the deeper portions, where a poor fauna 
exists. This abundance of molluscan life is due largely to 
the shallowness of the lake, which enables a large amount of 
vegetation to find attachment and favorable environmental 
conditions. 

The majority of mollusks are vegetable feeders, including 
desmids, diatoms, filamentous algze, and the tender parts of 
the higher plants. The larger bivalves in addition to algze, 
probably use the dust-fine detritus in the water, as recorded 
by Petersen for the bivalves of Danish marine waters. Many 
snails, as Campeloma, probably also use this detritus as food. 
This dust-fine detritus is made from the breaking up of 
decaying plant.material, which floats about in the water, 
finally falling to the bottom, often at a great distance from 
its original location. Nearly all species of water plants are 
used by mollusks for support or food. A number of species 
prefer dead and decaying vegetation. A few species as 
Lymnea and Physa are omnivorous, eating dead animals, 
rotting plants and fruit as well as living plants. Lymnea 
alone is predaceous, living not only on any weaker creature 
but attacking Planorbis and even its own kind. The data set 
forth in the preceding pages indicates that there is sufficient 
food material to support an abundance of mollusean life 
which consequently forms a valuable food supply for mollusk- 
eating fish. 
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CHAPTER IV. MOLLUSKS AS FOOD FOR FISH. 

excepting the work of Forbes (1878-1888 ), whose studies 
on the food of fresh water fishes were epoch-making, the 
scarcity of literature relating to this important subject is 
noteworthy. Volumes have been published on the taxonomy, 
distribution, commercial importance, and methods of secur- 
ing the fishes of our inland waters, but in the discussion on 
fish-culture, little attention has been given to the subject of 
the food of our native fish. The studies which are recorded 
in the previous pages have shown the amount and character 
of one kind of fish food (the Mollusca) now living in Oneida 
Lake, and its distribution in relation to the aquatic plants 
and to the general physical environment. 

Prof. Forbes recognized the importance of these studies 
when he said (1888, p. 477): “ Among the purely practical 
results to be anticipated, [from the study of fresh water ani- 
mals | are a more accurate knowledge of the conditions favor- 
able to the growth and multiplication of the more important 
species; the ability to judge intelligently on the fitness of 
any body of water to sustain a greater number or a more 

profitable assemblage of fishes than those occurring there 
spontaneously ; guidance as to the new elements of food and 
circumstances which it will be necessary to supply to insure 
the suecessful introduction into any lake or stream of a fish 
not native there; and a clear recognition of the fact that intel- 
ligent fish culture must take into account the necessities of 
the species whose increase is desired, through all ages and 
all stages of their growth, at every season of the year, and 
under all varieties of condition likely to arise. We should 
derive, in short, from these and similar researches, a body of 
full, precise and significant knowledge to take the place of 
the euess-work and empiricism upon which we must other- 
wise depend as the basis of our efforts to maintain the supply 
of food and the incitement to healthful recreation afforded 
by the waters of the State.” 

The fresh-water fishes may be divided into five groups 
according to the dominance of the kind of food: 1, insect 
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eaters; 2, crustacean eaters; 3, molluscan eaters; 4, fish 
eaters, and 5, plant and mud eaters. Of these the first and 
second are the most important, providing food for many 
young and for a majority of the adult fishes. The ratios of 
these five varieties of food as used by adult fish may be 
expressed as follows (the data is principally from Forbes, 
1888, b): 

eI S CCK OROWESE (ON si, Heian bc cedinid sci 40 per cent (p. 482) 
PEA@nUStacea uw... ee te. Levy ie mel ke 14 per cent (p. 486) 
BS eeMOMUSCAM wre raylece «ove rocbd elo ae «ie 6 per cent (estimated) 
ARBISIU Me snk iafe coer s, aay ane roe 20 per cent (estimated) 
5. Miscellaneous (mud, plants, ete.y.. 20 per cent (estimated) 

Mollusk-Eating Fish. 

As has already been stated, the Mollusca form about six 
per cent. of the total food of our fresh water fishes and up- 
wards of 24 per cent. of mollusk-eating fishes. The propor- 
tion of this element of food varies greatly in different species 
of fish. A few species, as the Sheepshead (A plodinotus grun- 
niens ) subsist almost entirely upon mollusks when adult, while 
others, as the Gizzard Shad (Dorosoma cepedianum) eat only 
an occasional mollusk. Many fish eat no mollusks. The food 
supply also varies greatly with age, some species, as the 
Sheepshead noted above, passing through three stages; begin- 
ning with the plankton when very young, it changes to an 
insect eater when a few inches in length, and as it attains 
adult size it becomes a mollusk eater, the jaws developing a 
powerful crushing apparatus which is able to crush the 
heaviest shells of the clams and snails upon which it feeds. 
The Perch (Perca flavescens) is a good example of this food 
variation passing through three distinct food eating stages, as 
noted in the table below. 
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TABLE NO. 10. FOOD OF THE COMMON PERCH SHOWING 

VARIATION WITH AGE (AFTER FORBES). 

1. Infancy. 2. Youth. 3. Adult. 

Entomostraca............ Entomostraca at first. .....| Mollusks. 
al erOMOIDLera om. 3.0. ..|, INSCCUS a .i7.2 -e eiern eas ogs hey Crawfish. 
PM evOMMIMPCMerAl os 42) .\ec ces cose ee lae eee eee ea: | Insects. 

| Fishes (few). 
| 

Many carnivorous species pass through three periods, each 
marked by the presence of a particular kind of organism, as: 

1. Entomostraea. 2. Insects. 3. Fishes. 
1. Entomostraca. 2. Insects. 3. Mollusks. 

Catfishes live on plankton when young and when adult are 
omnivorous. Black Bass eat plankton when young and fishes 
and crawfish when adult. Entomostraca and the larvee of 
minute flies form 75 per cent. of the food of the majority 
of young’ fishes. 

The large clams (Unionidew) form an unimportant element 
of the available food supply, being used by but few species 
of fish, notably the catfishes (Forbes, 1888, b, p. 481; Adams, 
1892, p. 127); but the gastropods and small clams 
(Spheriide) form a large percentage of the total food chosen 
by a considerable number of fish families. In a few species 
the small bivalve Sphwrium forms a large part of the food, 
as shown below: 

pMckeri family) tise oF. oo 4 fase oe Cl. ds. Pole lades de 29 per cent. 
Dootishes. CFM ND TPE, Smee a cyan ope 19 per cent. 
EULVER CAL Ds ((OGTDtOMES) [aw sie.cth Misr so «kes ate 1a oi 25 per cent. 

It is noteworthy that in a number of families the mouth is 
especially modified or adapted for feeding upon mollusks, 
examples being eatfishes, suckers, the Sheepshead and the 
small-mouthed sunfishes. 
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Data on Stomach Contents of Fishes. 

Some years ago Forbes (1888, c, p. 11) wrote significantly 
concerning the Mollusea as food. ‘* The ponds and streams 
of the Mississippi Valley are the native home of mollusks of 
remarkable variety and number, and these form a feature of 
the fauna of the region not less conspicuous and important 
than its leading group of fishes. We might, therefore, reason- 
ably expect to find these dominant groups connected by the 
food relation; and consistently with this expectation, we 
observe that the sheepshead, the eatfishes, the suckers, and 

the dog-fish find an important part of their food in the mol- 
lusean forms abundant in the waters which they themselves 
most frequent.” This statement, so eminently true of the 
region deseribed by Forbes, is equally pertinent in relation 
to Oneida Lake, and the data to be presented abundantly in- 
dicates that many of its inhabitants are par excellence mol- 
lusk eaters. It is noteworthy that there is a close relation 
between the abundance of this life in the lake and its use by 
fish as food. 

METHODS OF OBTAINING DATA. 

The majority of the fishes examined had been preserved 
in formalin, About ten were fresh. Each fish was cut open 
on the under side from just behind the lower jaw to the 

anus. The whole digestive system was removed and the con- 

tents carefully removed, by cutting open the stomach length- 
wise and removing the contents ‘with needles, scalpel and 
tweezers, care being used not to break or damage the con- 
tents. In the ease of the intestine, the contents were removed 

by cutting lengthwise, or by carefully rolling the contents 
out by way of the anal end. The contents of both stomach 
and intestine were carefully and minutely examined by 
means of a Leitz binocular compound miscroscope, powers 1p 
to 100 diameters being used. The different classes of food, 
—mollusean, insect, crustacean, ete.,— were separated, their 
percentages estimated and the species determined. The 
stomach contents have been preserved and now form a part 
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of the study collection of the New York State College of 
Forestry. The percentages are all of total volume. Regard- 
ing material, it was found that specimens caught with hook 
and line, or seined, produced better results than those caught 
in fyke, trammel, or gill nets. If the fish remained for any 
time in these nets, as was usually the case, the stomachs were 
found to be empty and the intestines filled with a mass of, 
usually, unrecognizable material. The numbers in paren- 
theses are the field numbers of the New York State College 
of Forestry. 

A. ONEIDA LAKE FISH. 

Upwards of 110 specimens, representing 16 species have 
Leen studied and the contents of their digestive organs noted. 
For the sake of completeness all available records relating to 
our American mollusk-eating fresh water fish are included, 
even though they do not inhabit Oneida Lake or even New 
York State. It is believed that all important data from 
American species on this subject is here included, although it 
is possible that some of the literature may have been over- 
looked. Unless otherwise stated the references are from the 
works of Forbes, notably his Summary and Discussion, pub- 
lished in 1888. Species not recorded from Oneida Lake are 
marked with an *; those not recorded from New York State 
are marked with a 7. The sequence of species is that of 
Forbes and Richardson (1909). 

* Accipenser brevirostrum LeSueur, Short-Nosed Sturgeon. 

According to Bean (1912; p. 190-192) the adult Short- 
nosed Sturgeon feeds upon mollusks. He says: “ Up to the 
third month of its life the young sturgeon has minute conical 
teeth in its jaws, and at this age it is believed to subsist on 
rhizopods, unicellular algze, infusoria, minute larve of 
insects and worms, crustaceans, ete. Still following the 
observations of Professor Ryder, we learn that the sturgeon, 
when it has reached a length of one inch to one and one-half 
inches, has minute teeth on the floor of the pharynx and | 
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feeds on small water fleas, and probably algze, worms, embryo 
fishes, insects, and fresh-water copepods. Later in life the 
fish seeks larger crustaceans, and the adults occasionally con- 
tain fragments of mussel shells. The young fish have been 
caught under the ice in midwinter, and are known to pass 
most of the year in fresh water.” This sturgeon was kept 
in confinement at the Linlithgo Hatchery Station im 1911 
and fed on pond snails and crawfish. They consumed the 
snails in large quantities (op. cit. p. 192). The species of 
mollusks which form the food of this sturgeon in the ponds 
of the Linhthgo Hatchery have been identified as Vivipara 
contectoides, Lymnea (G alba) catascoptum, and Planorbis 
trivolvis (Bean, 1914, p. 339). No percentages are given 
and as the Lake Sturgeon is largely a mollusk eater, the 
Short-nosed Sturgeon is estimated to use at least 25 per cent. 
of this food. 

* Accipenser rubicundus LeSueur. Lake Sturgeon. 

“Sturgeons are bottom feeders, using their hard beaks to 
stir up the mud in their search for pret Stomachs of stur- 
geons have been found to contain worms, mollusks, insect 
larvee, small fishes, and aquatic plants. In the Great Lakes, 
Milner found the food to consist almost entirely of fresh- 
water snails (Gasteropoda). Crayfishes and insect larvee are 
also eaten by them and the eggs of fishes have been occasion- 
ally found in their stomachs, though not in quantity sufficient 
to justify the charge of destructive spawn-eating sometimes 
made” (Forbes and Richardson, pp. 22, 25). Bean (1912, 
p. 268) says: “ The food of this sturgeon is made up chiefly 
of shellfish, including the genera Limnea (Lymnea), 
Melantho (Campeloma), Physa, Planorbis, and Valvata. 
Eggs of fishes are also to be found in its stomach.” 

Amia calva Linnaeus. Dogfish ; Bowfin; Grindle. 

The food (Forbes, 1888, a, p. 463) of this distinctly bot- 
tom feeder may be summarized as follows, the data being 
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taken from the examination of 21 specimens, between April 
and October. 

ELST SBI Aa Oe ae oe hc te I 25 per cent. 
MRMEEUED CS: Ao. s re ete feel hoe eS aetie 3 40 per cent. 
SUCRE ae ori hee eae Dink Sinicdiay'y ny havatese 30 per cent. 
LS EE egpainestial arenes pe 58 Cee oe ae arn 2 per cent. 

Of the mollusks three genera were recognized but the 
species are not indicated: 
Vivipara, noted in August. Spherium, noted in September. 
Planorbis, noted in August. 

Bean (1903, p. 66) adds Lymnaea, Melantho (Campe- 
loma), Physa, and Valvata. Marshall and Gilbert (1905, p. 
516) examined 13 specimens, 9 of which contained food, 7 
contained crawfishes, and 2 minnows. Cestode and other 
worms were found in every fish. 

* Hiodon tergisus LeSueur. Toothed Herring ; Mooneye. 

“ Feeds on insects and their larvee, mollusks and small min- 
nows ” (Forbes and Richardson, p. 44). 

* Dorosoma cepedianum (LeSueur). Gizzard Shad; Hick- 
ory Shad. 

The food of this species is mostly vegetable debris con- 
tained in the mud of the bottom. Usually about 4 per cent. 
of animal matter is present, consisting of Coleoptera, Ento- 
mostraca, univalve and bivalve (Spheriwm) mollusks. One 
specimen contained 25 per cent. of Entomostraca (Forbes, 
1888, a, p. 438). 

* Coregonus clupeaformis (Mitchill). Common Whitefish. 

Ward (1896, p. 21) found the food of the whitefish to 
consist of : 

ristaGeah tert pian Pats ees ints et. = SaSee 63 per cenit. 
{IGN USTED 3 ARERR Be Se cn gel Sp Sanaa an ie ea Poe 26 per cent. 
SET a UI ie ae hy ap le (eel i cae ia 3 per cent. 
SUPE eet Bee Pe be Ce ees one? PER AE tee a Ais. 2 per cent. 
Minccellamenniss ai. 5) cise sde. spac ahae  siaise 2 elo wese ae 1 per cent. 

From the literature it is at once seen that the food taken 

by the Whitefish varies in different localities. Thus Ward 
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(op. cit., p. 21) finds upwards of twelve species of mollusks 
in the stomachs of fourteen specimens of fish from Lake 

Michigan. These are noted below: 

Galba catascopiuin. Planorbis parvus. 
Galba species (juvenile). Valvata tricarinata. 
Physa species (juvenile). Valvata sincera. 
Amnicola limosa. Spherium striatinum. 
Amnicola porata. Sphawriam (new species). 
Amnicola lustrica. Pisidium (several species). 

In three cases out of fourteen, mollusks formed the bulk 
of the food, being present to the extent of 60, 90 and 95 
per cent. ‘One individual contained all but two of the species 
listed. Of the mollusks it was found that: 

Pisidium constituted from 0 to 60 per cent of total food, averaging 
16 per cent. 

Spherium constituted from 0 to 55 per cent of total food, averaging 
7 per cent. 

Valvata constituted from 0 to 10 per cent of total food, averaging 
2 per cent. 

The balance of the other invertebrate food consisted of 
Mysis relicta (20 per cent.), Pontoporeta hoyr (43 per 
cent.), Hurycercus lamellatus, and chironomid and hydro- 
philid larvee (about 8 per cent.). 

In Walnut Lake, Michigan, Hankinson (1908, p. 201) 
found the Whitefish to subsist almost exclusively on the larvee 
of small flies. During the spring 30 specimens were exam- 
ined, 19 of which contained insect food, and one a few mol- 
lusk shells. The insects consisted principally of midge 
larvee and pup, with a few larve of Sayomyia, Sralis, and 
other insects. In a few examples a small percentage of fish 
remains was present. In August, nine Whitefish were exam- 
ined and found to have eaten no midge larvie,; the stomach 
contents being almost all entomostracans of the genus 
Daphma, apparently taken from the water above the bottom 
as they were free from dirt. 
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In Georgian Bay, Ontario, Robertson (1915, pp. 98-107) 
reports the following species as having been taken from the 
stomach of the Whitefish: 

Galba emarginata canadensis. Valvata tricarinata. 
Galba palustris. Valvata sincera. 
Physa ancillaria. Musculium securis. 

Bean (1912, p. 273) found three species of mollusks in 
Whitefish caught in Canandaigua Lake, Amnicola limosa, 
Valvata tricarinata, and Pisidium abditum. It is evident 
that the Common Whitefish is a bottom feeder depending 
principally upon mollusks and insect larve for its food sup- 
ply. (See Paul Reighard, 1908, p. 651.) 

Young Whitefish feed principally on entomostracans. 
Hankinson (1914, p. 239) dissected eight specimens and 
found the food to consist chiefly of Bosmina longirostris, 

Diaptomus ashlandi, and Cyclops viridis (var. parcus?). 
Fragments of midge larvee and miscellaneous insects, includ- 
ing winged forms, and filaments of green alge (Ulothrix 
zonata) were also noted. This is another example which indi- 
eates clearly the change of the character of food with the 
age of the individual. Hankinson’s Walnut Lake work also 
indicates a food change coincident with season. 

Leucichthys tullibee (Richardson). Tullibee; Mongrel 
Whitefish. 

Examinations of the Tullibee were very unsatisfactory. 
Five specimens were dissected, the results being as noted 
below. Nos. 1, 2, caught near Constantia; Nos. 3-5 from 
Oneida Lake, but purchased in the Syracuse market and 
caught in November. 

No. 1. 290 mill. long; stomach empty. 
No. 2. 290 mill. long; stomach empty. 
No. 3. 280 mill. long; stomach empty. 
No. 4. 290 mill. long; stomach empty. 
No. 5. 290 mill. long; stomach containing Entomostraca (Clado- 

cera). 
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The stomach contents of number 5 were almost entirely 
of the cladoceran species Leptodora hyalina, the individuals 
being very large. Leptodora is a surface species and it is 
exceedingly interesting to find a whitefish, typically a bot- 
tom-feeding group, using this crustacean as food. Leptodora 
is also considered a typically warm weather form and its 
presence in such large numbers in a fish caught in November 
is noteworthy. Kofoid (1908, p. 253) records Leptodora as 
occurring usually in small numbers in the Illinois River from 
June 28 to August 30. In Lake Meredosia, Illinois, it was 
very abundant in the upper three feet of water at midday 
in May-June. It was apparently more common in the back- 
waters than in the channel. Marsh (1903, p. 36) states 
that Leptodora is absent from Lakes Winnebago and Green, 
Wisconsin, from November to May, its principal occurrence 
being in the months of July, August and September. (See 
also page 86 for dates and quantity per square meter.) 
Birge (1897, p. 350) gives the season as from June 1 to 
November 30 (see also pp. 353 and 404) in Lake Mendota, 
Wis. No statement has been seen regarding the food of the 
Tullibee, but as other members of the group feed largely upon 
mollusks there is no reason to doubt that the Tullibee appro- 
priates this class of animals as a part of its food, if it is, 
like the Common Whitefish, a bottom feeder. Additional 
study is needed on this point. 

Both Jordan and Evermann (1911, p. 32) and Bean 
(1914, p. 342) refer the Whitefish of Oneida Lake to this 
species, which is known locally as the “ Oneida Lake White- 
fish.” The Common Whitefish is not known to inhabit this 
body of water. 

* Coregonus quadrilateralis Richardson. Round Whitefish ; 
Frostfish. 

Bean (1903, p. 221) records the food of this fish to con- 
sist of small shells and crustaceans. Its food is doubtless 
similar to that of the Common Whitefish. 
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Anguilla chrysypa Rafinesque. Fresh Water or American 
Kel. 

The only reference to this fish as a mollusk eater (noted 
by the author) is by Kendall and Goldsborough (1908, p 
37). These authors say: “ The eel subsists upon almost i 
kind of animal food. It can and does catch live fish for 
itself and feeds also upon worms, insect larvee, small mol- 
lusks, and not infrequently upon fish eggs when they are 
obtainable.” 

} [ctiobus cyprinella (Cuvier & Valenciennes). Red Mouth 

Buffalo ; Big-Mouth Buffalo. 

Forbes (1888, a, p. 452) examined 17 specimens, collected 
between April and October, and found the food to consist of 

Wesetablesf0o0d,. Cb@.. svar cise sialon s stele ee 33 per cent. 
Crustacea (mostly Entomostraca)............. 31 per cent. 
ASO CHAO. Like aja: <usy sy 2100p 21 onal vvsi AAR EM Erie 33 per cent. 
Migod eR AG SDM OTIALIN) |, o2) re) ar epcretohen shay kev arers a stew os 3 per cent. 

In one example, Sphwrium formed 25 per cent. of the total 
food. 

{ Ictiobus urus (Agassiz). Mongrel Buffalo; Round Buffalo. 

Forbes (1888, a, p. 452) gives the food of this fish, after 
an examination of 17 specimens, as 

MeQetabiG. migbEer J. ot. SSeS PSs 12 per cent. 
Dastilery <plOps vrcesii idsia. dal)... oh alae. a aes 21 per cent. 
Insecta (Chironomus and Hewxagenia larve).... 42 per cent. 
Crustacea (mostly Entomostraca)............. 13 per cent. 
IMFOMI SCD els sire, orre &, atsiere: «ore, Shereloseve, © wispaparemeyth sect siete 12 per cent. 

In the Mollusca, the following genera were represented : 

Valvata tricarinata, taken in August. 
Spherium, taken in August and November. 
Unionide, taken in April. 

{ Ictiobus bubalus (Rafinesque). Quellback Buffalo ; Small- 
Mouth Buffalo. 

Forbes (1888, a, p. 449-450) gives the food of this fish, 
after an examination of 17 specimens, as: 
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Vegetable tater is cies ois tcctha mia @ arecpieva tes <xerahee saste 20 per cent. 
IiNG(e Cnet ah do's Gedo obo bideioig GbisloplomaclIbodigclcacis 29 per cent. 
Mollusca. snake serine ee Seici eric rate 30 per cent. 
OimIEKCETIS G ining ono boo somogugoDaDesaddemSeo0c 20 per cent. 
Miscellaneous mia Ge cee hie ti tee ae eee 1 per cent. 

In the Mollusea, three genera are represented : 

Vivipara, taken in October. 
Planorbis, taken in October. 
Spherium, taken in August and October. 
Spherium suleatum, taken in October. 

+ Carpiodes velifer (Rafinesque). Quillback ; Silver Carp. 

Forbes (1888, a, p. 453-454; includes several species of 
the genus Carpiodes) examined 19 specimens in which the 
food content was made up of 

Vegetable food (mostly Wolffia).............. 8 per cent. 
Mlolnscan {ISP RCZt10711))\ | oreo xs celonuesetedetonakolotohioka ete oir 25 per cent. 
Insecta (principally Chironomus larve)........ 33 per cent. 
Crustacea (mostly Hntomostraca)............. 25 per cent. 
Mins cellamGOusiiy. astern i-felveieier-oeiiies fated olen ret 9 per cent. 

The Mollusca were noted in August and October. 

* Minytrema melanops (Rafinesque). Spotted Sucker; 
Striped Sucker. 

Forbes (1888, a, p. 444) examined four specimens which 
contained nearly all Mollusea, principally Spherwm; a few 
Entomostraca, principally Cyclops and Cypris, and a small 
ratio of Chironomus larve. Two molluscan genera have been 
reported. 

Amnicola, taken in October. 
Spherium, taken in September and October. 

Bean (1902, p. 283; 1903, p. 108) says “it feeds almost 
entirely on mollusks, insects, and insect larvee.” 

Catostomus commersonti (Lacépéde). Common Sucker; 
Fine Scaled Sucker. 

Thirteen specimens were examined (12 of which were from 
Oneida Lake) of which 2 contained Mollusca, 4 Crustacea, 1 
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Insecta, 5 mud, and 1 was empty. Figuring the food of the 
three adult specimens, we find the percentages to be: 

Mpg GHG Plant, TEMAING). 2 io' < <.o2 cies we a 0s be t= 49 per cent 
MUreRU SC amet re farce c srcy stoLNecsva/erRarevaun tel 3161 oleae AE ox 30 per cent. 
IDDRGCLDS ‘axe pia clgtioo orig. te CoO ocd Loom Onony waco 21 per cent. 

The data gathered from the 13 specimens is given below. 
No. 1 was collected in Scriba Creek below the bridge, dead, 
injured by lamprey; No. 2, Brewerton, near Davison’s Land- 
ing, seined in shallow water, October 18, 1915; Nos. 3-5 same 
locality, October 5; Nos. 6-11, Lower South Bay, seined in 
shallow water, October 31; No. 12, Constantia; No. 13 pur- 
chased in market, caught in Oneida Lake. 

ADULT FISH (3 specimens). 

No. 1(75) 300 mill. long. 

Mollusca. Ammnicola lustrica, many....... 
Planorbis, hirsutus, U..-..--. eh ee TEA 

Mud and plant remains, alge.............. 50 per cent. 

No. 12. 240 mill. long. 

Insecta. Fragments of Odonate nymphs..... 5 per cent. 
Mud-and “plant, ‘renmrains. 22/200 oo. Stat 95 per cent. 

No. 13. 390 mill. long. 

Mollusea. Valvata tricarinata 114 (1-3 
mols long) 5-5 ciadetsaeetas 

A icola lustrica, 17 —3 mill. : 
FH Nn VER OE 

Galba catascopium, 1 (1% mill. 
Tong) eyact Sst. 4-a eae aoe a 

Mollusea. Pisidium henslowanum, 25 \ 
(many fragments) ........ : 20 per cent. 

Spherium — vermontanum, 
(youn) steve sy we 

Hewagenia larve, 4: .5-<.-2...- } 
Insecta. Chironomid larve, 420.......... 50 per cent. 

Caddis-fly (Helicopsyche borealis) ) 
Caddis-fly, fragments of cases... { 

Bryozoa. Plumatella statoblast, 1. 2 per cent. 
Mud and vegetable remains, very small amount. 

8 per cent. 

JUVENILE FISH (10 specimens). 

No. 2(314) 85 mill. long. 

Crustacea: Cyclops, a few.............. 
Alone, abundant’... 22). - = = 

Plants. Alge and plant fragments......... 50 per cent. 

50 per cent. 
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No. 3(305) 84 mill. long. 

Crustacea. Hyalella knickerbockeri, 1...... 10 per cent. 
Alona, mamyas ti. tik. setae 
Cyclons sa wieWer. ee tee ae Or 

No. 4(305) 80 mill. long. 

Crustacea. (Oyclopss. 2 2 seein se eee 90 per cent. 
Plants. Algz and plant remains........... 10 per cent. 

No. 5(305) 78 mill. long. 

Crustacea. Alot in, estate Pet Saris i o« wawred 
(OMe Koy XO" Sebo o tod PO ORES Gat 

Plants. Alge and plant remains........... 10 per cent. 

No. 6(5) 98 mill. long. Mud and unicellular plants, small amount. 

No. 7(5) 105 mill. long. Mud and unicellular plants, small amount. 

No. 8(5) 100 mill. long. Mud and unicellular plants, small amount. 

No. 9(5) 95 mill. long. Mud and unicellular plants, small amount. 

No.10(5) 95 mill. long. Mud and unicellular plants, small amount. 

Nio.11(5) 110 mill. long. Stomach empty. 

90 per cent. 

90 per cent. 

In the juvenile stage the food is Crustacea, largely Ento- 
mostraca, the percentages of 4 specimens being: 

Mirdi and splantsy tscuseislam ive iit: pay cakessetioinets 17.50 per cent. 
PAID O isa rotons beets tore opstocste st boat Awe hg TREE yl 2.50 per cent. 
WNCOMOSETACR, <2. at tatces siete acl onev steers eteicver lone | 80.00 per cent. 

The change of food habits from crustaceans to mollusks 
and insects is noteworthy. 

Hankinson (1908, pp. 207, 245-251) examined 42 speci- 
mens from Walnut Lake, Mich., varying in size from 15 to 
19 inches (375-475 mill.) and hence all adult. Seven speci- 
mens containing food were caught in April and May 
and found to have eaten dragon-fly nymphs (386 in one 
individual), small bivalve mollusks, amphipods, and some 
marl. Twenty-seven specimens caught in August had eaten 
only midge larvee and the small entomostracan Daphnia. 
Hankinson remarks that “‘it is interesting to compare the 
food of the specimens taken in August with that of White- 
fish caught in the same haul of the net; the Whitefish were 
feeding upon Daphnia only, and apparently away from the 
bottom, while some of the suckers were feeding on midges 
at the bottom, and others on the Daphnia apparently above 
Tee 
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J. E. Reighard (1915, p. 223-224) examined 5 young 
suckers from Douglas Lake, Mich., (43-50 mill. long) in 
September and found their food to consist almost wholly of 
a Cladoceran, apparently Chydorus, only two or three Cope- 
pods being present. The adults examined all had empty 
stomachs. In this case the food of the young agrees with 
those from Oneida Lake, both feeding upon Crustacea. 
Forbes (1888, a, p. 513) did not have sufficient material 
from which to judge of the food of this species. Unio is 
recorded as being found in June and Spherium in October 
in the stomach contents. From the data presented above it 
is evident that the food of the Common Sucker varies with 
the locality. When the water is shallow and there is a good 
bottom fauna, this appears to be its natural feeding ground. 
It is probable that the detritus layer of the bottom also plays 
an important part in the food economy of this species. 

Catostomus nigricans (LeSueur). Hogsucker; Stone 
Roller. 

The food of this sucker consists almost entirely of aquatic 
insect larvee (92 per cent.) only an insignificant ratio of mol- 
lusks being eaten. This sucker, says Forbes (1909, pp. 
87-88) “is, in short, a molluscan feeder which has become 
especially adapted to search for insect larvee occurring in 
rapid water under stones.” May-flies, principally Canis, 
form the chief food. Bean (1903, p. 104) says “‘ the food 
consists of insect larvee and small shells.” 

Moxostoma aureolum (LeSueur). Common Red Horse. 

Forbes (1888, a, p. 443) examined 17 specimens of this 
species and remarks “the salient features of the food of 
Moxostoma macrolepidotum (== aureolum) as exhibited by 
12 specimens examined, are the abundance of univalve Mol- 
lusca and the bivalve Sphewrium, the insignificance of the 
vegetable element, and the absence of Crustacea and the 
larger and more active insect larvee. The insect food con- 
sisted almost wholly of larvee of Chironomus and other small 
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mud-inhabiting species.” The food ratio of this species may 
be indicated as follows: 

IOI old 665 sls‘oblucagd de oad foloR bugs suds 62 per cent. 
ImsectanamadelGristace a: sre a scutes enero oto 33 per cent. 
Vegetabletmiatttent serie. st phortat) ter be tteve he teres 5 per cent. 

In one specimen, mollusks formed more than half of the 
stomach contents and embraced the following genera: 

WARD NIMC 3 6 Sialiatlos soe es boo aaed a dase Gene a6 nat 
OU NMOMOS 5-595 a Mees de Heeb 5654 Heeb hose 
SOM ATOGYTAUSS eile Teirel che eitetiotel a etietonte falls saWtette (eBotelee fotielie kaltctie fete 
AMNTEOLO ses cuere tortetiels SO eae See ROM e+ aoe iteete or 

Lymnea. 
Pilanorbis. 
Physa. 

22 per cent. 

6 per cent. 

In five additional specimens, mollusks made up 75 per 
cent. of the stomach contents, as noted below: 

NWMEPIONIOs oS. Gao dn ode boo obo oddbogcUDgaconuome greater part. 
(OninjgAhoiis ea oo gaoocddodudoco DD oc Oooo saDEC 25 per cent. 
Amnicola, 

Ten genera are recorded as food for this fish : 
TMC NGIES. 5 Gen Hobs ele vows Recorded in September. 
Somatogyrus. ... ..........Recorded in September. 
Valvata tricarinata ......%.. Recorded in September. 
WORufOTlos 33 6 ots oro oornic god oe Recorded in September and October. 
Campeloma.........-......Recorded in October. 
Lymnwas » Oe. aes Do ecorded sin May. 
IA MIRGi & 5 & do bso nna OOO uO: Recorded in May. 
JAGR OMDISS olacd! b> 05300 05 2 O05 Recorded in May and June. 
Spherium.................Recorded in June. 
Woonona s Bia Gok ba doo o05t Recorded in May. 

Among the insects, dipterous larve formed the greater por- 
tion. “Two specimens had eaten a small quantity of 
hydrophilid larvee, one an Agrion larva, and two other larvee 
of Ephemeride. The Entomostraca recognized belonged to 
Alona and Cyclops. The vegetable food consisted of dis- 
tillery slops, eaten by one of the specimens, with a little 
Wolffia, Chara, filamentous alge, and some miscellaneous mat- 

ter.” (Forbes, 1888, a, p. 448.) 
A specimen of the species, (No. 327) from Oneida Lake, 

was purchased in the Syracuse market, November 17, 1915. 
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It was adult, measuring 16 inches (400 mill.) in length. The 
stomach was empty, but the intestine contained a small quan- 
tity of material, in an advanced state of digestion. From 
this material the following groups were denen: 

Insecta. Chironomid larve, 14. 
Hexagenia nymph, | 

Plants. Filamentous alge. Small amount. 

More material is necessary to determine the food habits of 
this species in Oneida Lake. It is interesting to note that 
DeKay, in his fish report, names the Red-horse of Oneida 
Lake Catostoma onetda and ealls it the Oneida Sucker (1842, 
p- 198). Bean (1902, p. 284) states that the food consists 
of mollusks and insects. 

} Moxostoma breviceps (Cope). Short Headed Red Horse. 

The food of this species, judged from 6 specimens exam- 
ined by Forbes, appears to be about half Mollusca and half 
insects, mostly Chironomus larvee and pup. ‘Two genera of 
mollusks were identified, Vivipara and Spherium, both taken 
in June. It is to be noted that in Forbes (1888, a) paper on 
the food of fresh-water fishes, macrolipidotum, page 442, 
now aureolum, while awreolum, page 444, is now re 

{ Placopharyna duquesnei (LeSueur). Sucker. 

Little is known concerning the food of this sucker, which 
does not inhabit the waters of New York State. Forbes 
(under the specific name carinatus) records the food of three 
specimens, two of which were adult. This data appears below 
(1888, a, p. 442): 

No. 1. Mollusca. Valwvata tricarinata ............. \ 
AUN COLO saroy ot iah Va soys chek’ SIE STs bhakh 

Insecta. Hydrophilidee Tsay Sass tres, 
Ephemeride larvee (mostly Canis) . 
Chigenomus Varve).. 3:8 cox Mavis tae 

Crustacea. Allorchestes. 1 specimen........ 

60 per cent. 

35 per cent. 

DRAGS, ACTUAL. asc, shee cctere cues @. «10,1 St) Sines says oi 5 per cent. 

No. 2. Mollusca. Valvata tricarinata ............. 
JT UTRONM.. Blsso io ben ccs sce oedac 5 per cent. 
SWAT UTE E OM atone DOD OD OO OCUEL 
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Insecta.) giiydrophalidse: larvae.) joy-) vate l> ens) erekeneds 
Ephemeride larve (Canis)........... 
Chironomus and other Diptera (larve) 

Bryozoa. Plumatella. . FO e.s 01a BE 
Plants. Wolffia... 

80 per cent. 
10 per cent. 

| 5 per cent. 

The third example, young 51% inches long, had eaten chiefly 
of the bryozoan Plumatella, a few Caddis-flies, a small gas- 
tropod (Strepomatidse) and a few Chironomus larve. The 
average for three specimens is about: 

MOMS Caceres creer cheretenens ousas che Noreen eevee 22 per cent. 
Mnisecba,. 252 ce SOs ata. Beak. otha Bats 44 per cent. 
IBY YOZO Rs lasycpstaoe cys» ole = EO aie Cats wldeehe hele s eine 30 per eent. 
d 24h th d= 6) SPM cae eneeee an a aero ream ene cieacla Bint ora 3 per cent. 
Miscellaneoust sesh certs tie cts vise stares ore ae 1 per cent. 

Cyprinus carpio (Linnaeus). German Carp. 

The percentages of food for this introduced fish stand 
about as follows: 

Vegetable matter 
Animal matter 

66 per cent. 
34 per cent. 

Carp are omnivorous feeders, rooting up the mud of the 
bottom in search of small animals as well as of vegetable 
food. It also feeds upon water plants at and below the sur- 
face. Its animal food consists of insect larvee, crustaceans, 
mollusks and other small aquatic animals. The charge that 
this species seeks the spawn of other fishes for food has not 
been supported by evidence. The spawn that has been noted 
in its stomach is quite incidental. Cole (1905, pp. 569-572) 
dissected thirty-three specimens, twelve of which contained 
Mollusca in greater or less quantities, as noted below: 
1. Ghara, small shells, insects. 6. 
2. Vegetable matter, shells, in- te 

sects. 8. 

Broken shells, insect larve. 
Broken shells, caddis-fly larve. 
Alger, broken shells, larve. 

3. Chara, Crustacea, fragments of 9. Caddis-fly larve, broken shells, 
shells. alge. 

4. Chara, broken shells, small 10. Shell fragments, Entomostraca. 
bivalves. 11. Shell fragments, Entomostraca, 

5. Broken shells, Chara, amphi- insect larvee. 
pods, ete. 12. Shell fragments, Ostracods, ete. 

Exact percentages are not available, but the Mollusca are 
believed to form more than 15 per cent. of the food of this 
carp. | 
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Semotilus bullaris (Rafinesque). Dace; Silver Chub; Fall- 
fish. 

Two specimens of this fish, caught near Constantia, 
August 31, 1915, were examined. No mollusks were 
observed, and it is not known to feed upon this class of 
animals. 

No. 1 (76) 245 mill. long. Stomach and intestine empty. 

No. 2 (76) 280 mill. long. 
Crustacea. 2 Cambarus bartoni robustus..... 65 per cent. 
Batrachia. 1 small frog, partly digested..... 35 per cent. 

A related species atromaculatus, is known (Forbes and 
Richardson, p. 123) to eat alge and miscellaneous vegetable 
matter (25 per cent.), small fishes, grasshoppers, ants, cater- 
pillars, beetles and various other terrestrial insects, Corisa, 

dipterous larvee and other aquatic insects, and crawfishes. 

Abramis chrysoleucas (Mitchill). Golden Shiner; Roach ; 
Bream. 

Food varies in different localities (Forbes, 1883, a, p. 81). 
In the Pecatonica River, Illinois, the food was entirely mol- 
luscan, consisting principally of Valvata tricarimata and 
Planorbis deflectus, taken in May. Fishes from the [llinois 
River at Pekin had eaten largely of mollusks but principally 
of Entomostraca. As a whole the diet may be expressed as 
follows: / 

Weretationramdimitdis tects ste cincreioce fiers Nels tie ore 50 per cent. 
Crustaceay.... cree s<jerette, ate Sw chap tie ete ge 15 per cent. 
MOMUSIKS:7. 3) <5) - 5 iets sfopminga- > senep oh heb 14 per cent. 
NIST RSEGUSEN see ee onc oncila © ores os cre. sje eae hs aycieiens <BaS ahs 6 per cent. 
WHSCOMANEGUSS (2. ely ste datas chee ci siceste's ShahetaKe a's) cues oe 15 per cent. 

Eighteen specimens from Oneida Lake have been examined, 
six of which contained food. In this lot mollusks formed but 
a small percentage of the total food, insects totalling 97 per 
cent., caddis-fly larve predominating. Fresh material is 
needed to satisfactorily determine the food percentages of 
this interesting fish. The data obtained from the eighteen 
specimens is given below. 
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Nos. 1 to 5, caught in Nicholson Bay, in trammel net, 
September 8, 1915; Nos. 6 to 8, caught in bay southwest of 
Shaw Bay, in trammel net, September 7; Nos. 9, 10, Shaw 
Bay in thick vegetation, September 6; No. 11, caught in 
little round bay southeast of Shaw Bay in trammel net, 
September 9; Nos. 12 to 16, Lower South Bay, October 31, 
1914, seed; No. 17, Lower South Bay, December 16, 1914; 
No. 18, Lower South Bay, December 9, 1914. 

No. 1 (133). Fish 162 mill. long. 
Mollusea. 1 Physa aneillaria warren- 

CONE; FY OUNO emer ence cyeteneeis aterm 5 per cent. 
Insecta, many caddis-ily larval cases 

(ep tocellan ma merteet taste 95 per cent. 

No. 2 (133 Stomach empty. Fish 162 mill. long. 

No. 3 (133 Stomach empty. Fish 140 mill. long. 

No. 4 (133 Stomach empty. Fish 175 mill. long. 

No. 5 

Stomach empty. Fish 190 mill. long. 

) 
) 
) 

(133). Insecta only, largely macerated. Fish 150 Mill. long. 

) 
). Stomach empty. Fish 178 mill. long. 

) No. 8 (123 195 mill. long. 
Insecta. Caddis-fly larval cases (Lep- 

COCELIG) . oe somone vice) ao VOM DC TRCeMts 

No: (9) (122) “Insecta. Wargely “digested: 2.5.54 46 100 per cent. 

No. 10.(122). Insecta. Grasshoppers (hind tarsi).... 60 per cent. 
Caddis-fly larval cases (frag- 

MENCS)) pasha wey etowicte se eee 40 per cent. 

No. 11(136). 200 mill. long. 
Stomach almost empty, small amount of digested mat- 

ter in the intestines. 

No. 12 (5). 95 mill. long. Stomach empty. 

No. 13 (5). 86 mill. long. Stomach empty. 

No. 14 (5). 83 mill. long. Stomach empty. - 

No. 15 (5). 83 mill. long. Stomach empty; intestine with small 
amount of mud and macerated material. 

No. 16 (5). 78 mill. long. 

Crustacea. 38 Bosmina longirostris.. | 
Hyalella, fragments, legs, } 1 per cent. 

<NGs Paaseatcelbamer ars aioe. En 
Insecta. 20 Chironomid larve...... 
Mud and macerated matter............ 9 per cent. 

No. 17 (10). 155 mill. long. 
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The stomach was practically empty as was also the in- 
testine, the latter containing only a piece of molluscan shell 
and a few unicellular plants. 

No. 18 (8). 130 mill. long. Stomach empty. 

Hankinson (1908, p. 205, 249) examined specimens in 
April, May, July and August, and found the food to consist 
of midge larvee, filamentous alge (Spirogyra), entomostra- 
cans and Protozoa (Arcella). 

* Notropis heterodon (Cope). Minnow. 

One specimen in eighteen had eaten univalve Mollusea. 
Entomostraca and insects form the principal food. Mollus- 
can food is not over one per cent. (Forbes, 1885, a, p. 85). 

Notropis whipplii (Girard). Steel Colored Minnow. 

One specimen in 33 had eaten a small Lymnea; less than 
one per cent. molluscan food (Forbes, 1885, a, p. 87). 

* Tctalurus punctatus (Rafinesque). Channel Cat; Fiddler. 

Forbes (1888, b, p. 457) examined 43 specimens of this 
species, taken during spring, summer and autumn. The 
range of food may be expressed as follows: 

Vegetation (filamentous alge, Potamogeton, Lemna)..... 25 per cent. 
“NIGHTS eS Pacts pane Sener ep Chat rial ACLS CRI IAG AICHE a OR cre erie 15 per cent. 
Insecta (Chironomus, Hexagenia, Odonata, Ephemeride).. 44 per cent. 
Miscellaneous (worms, Bryozoa, fish).................. 16 per cent. 

Among the last item may be mentioned a dead rat, pieces 
of ham, pieces of dead fish and other animal debris. 

Of the mollusks, eight genera were represented, as noted 
below: ' 

Pleurocera, taken in September. 
Campeloma, taken in October. 
Lioplex subcarinata, taken in September. 
Amnicola, taken in October. 
Vivipara, taken in April, September and October. 
Planorbis, taken in October. 
Unionidae, taken in September. 
Anodonta, taken in August and October. 
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Large water snails (Vivipara, Campeloma) and clams 
form a large part of the diet of this catfish, some specimens 
examined having eaten little else. Of this food Forbes (1888, 
b, p. 457) remarks: ‘ Notwithstanding the number of 
bivalves eaten by this fish, no fragments of a shell was ever 
found in their stomachs, but the bodies of the mollusks seem 
to have been separated, while yet living, from the shells, as 
indicated by their fresh condition and by the fact that the 
shell muscles were scarcely ever present. Fishermen say that 
they are often first notified of the presence of catfishes in 
their seines by seeing the fragments of clams floating on the 
surface, disgorged by the struggling captives. Still more 
interesting and curious is the fact that the spiral-shelled 
mollusks found in the stomachs of these fishes were almost 
invariably naked, the more or less mutilated bodies having 
only the opereles attached. The shells are evidently e1 racked 
in the jaws of the fish and rejected before the food is 
swallowed As many as 120 bodies and opercles of water 
snails (Campeloma and Vivipara) were by us taken from the 
stomach of a single Illinois River catfish.” 

Four young examples of this species were found by Forbes 
to have fed principally upon insects, including ( ‘hironomus 
and Hexagenia (eggs and young), with a few crustaceans 
of Daphnia and Allorchestes dentata. 

Ameiurus natalis (LeSueur). Yellow Bullhead. 

The mollusean food of this fish is relatively of small 
amount, forming but 5 per cent. of the ers food. Three 
genera are noted: by Forbes (1888, b, p. 459). 

Vivipara, taken in October. 
Campeloma, taken in October. 
Physa, taken in October. 

On the whole this fish is a scavenger, eating dead animals 
and other debris. Forbes examined 12 adult specimens 
taken from May to November. Vegetation (Lemna and 
Wolffia) formed a very small percentage, fishes about 33 per 
cent., insects (principally Hexagema larve) about 30 per 
cent., and catfishes 17 per cent. 
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Seven young specimens, 2 to 31% inches long, had fed 
chiefly upon Entomostraca (50 per cent.) among which were 
Daphnia, Acroperus, Cyclops, Cupris: Simocephalus amert- 
canus, and Macrothrix laticornis; 25 per cent. of the food 

was molluscan (Physa); 20 per cent. was insect larvae 
(ephemerids and Chironomus). A small amount of Wolffia 
and other aquatic vegetation was present. 

Three adult specimens of this species were examined from 
a lot purchased in the Syracuse market, and said to have 
been caught in Oneida Lake. The contents of the stomachs 
did not give decisive results owing to their advanced state of 
digestion. The data is as follows: 

No. 1. 310 mill. long. Stomach and intestine were almost empty. 

Insecta. 1 Chironomid (7) larval head. 
Insect larve, legs. 

No. 2. 330 mill. long. Stomach empty. 

No. 3. 300 mill. long. 

Insecta. 2 Heragenia larve, 12 and 15 mill. long in stomach. 
Insecta. Hexagenia larve, fragments....... 
Mollusca. 1 Ancylus parallelus............. . 
Plants: Vilamentous algz 00.5... 5. 20.0... 
Mud. AC Detiitnant Gis cia hae 2d Boe 

In intestine 

The Mollusca form about 1 per cent., and is notable for 
the presence of the fresh water limpet Ancylus parallelus. 

Ameturus  nebulosus (LeSueur). Common Bullhead ; 

Speckled Bullhead. 

From studies by Forbes (1888, b. pp. 460-461, 36 speci- 
mens) the food of the Common Bullhead (which included 
also the Black Bullhead (Ameturus melas ae has been 
ascertained to consist of: 

TELE Tic td a Mae elias Bien are Isami ee leat Aime nga pega 20 per cent. 
SHSM ES =. AS. cys, <, autor hehe aves, . rotegenns: Ld ta. 2 20 per cent. 
Insects. (Dipterous larve, Hexagenia, Odonata, 
POTTS bY Pal iM SECU cect 5 uth wen a chess a cere 25 per cent. 

Crustaceans. (Allorchestes dentata, Diaptomus, 
CRAB toon (3's, naar afore onan ins «) svete cone ba dy os eaee 13 per cent. 

Miscellaneous, including vegetation ............ 22 per cent. 
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One-half of the molluscan food consisted of Sphariwm 
and one group from the Illinois River (collected in Sep- 
tember and October) had eaten little else than Spherium. 

In another specimen, insects formed 37 per cent and mol- 
lusks 63 per cent. of the food. ‘Two specimens had fed only 
on fish and one specimen had eaten leeches to the extent of 
25 per cent. The mollusks eaten by this fish are tabulated 
below: 

Am~nicola, taken in May, August and October. 
Valvata tricarinata, taken in July. 
Vivipara, taken in October. 
Campeloma, taken in October. 
Physa, taken in August, September. 
Physa heterostropha, taken in October. 
Sphaerium, taken in May, September, October. 
Sphaerium sulcatwm, taken in August, September. 
Pisidium, taken in September. 
Uniondea, taken in May, October. 

Seven specimens of the Common Bullhead from Oneida 
Lake have been examined. These were taken at the follow- 
ing locations: 

No. 1, Shaw Bay, in thick vegetation, lamprey scar on 
back, September 6, 1915; No. 2, found dead in Oneida 
River, near Brewerton, September 4; Nos. 3 to 6. Lower 
South Bay, October 1%, 1914, caught in seine in shallow 
water; No. 7, Brewerton, near Davison’s Landing, October 18, 
1915, seined in shallow water. Only one of the seven was 
adult and this one had the stomach empty. The data for 
these is given below: 

No. 1 (122). 215 mill: long. Stomach empty. 

No. 2 (109). 110 mill.’ long. 

Mollusca. 2 Physa ancillaria warreniana 10 per cent. 
5 Vegetation and mud, mixed............. 90 per cent. 

No. 3 (309)¢° 56 mill. long. ee ah 

Crustacea: Entomostraca (Alona)~..... 25 per eent. 
Insecta. Fragments of nymphs (Odo- 

nate). ee @ Eipiraletevete fonevexe elaieinictals eictelele siete 25 per cent 

Alpes and mud? 22).c030f00 to. heb ies 5 <n OD Seem 
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No. 4 (309). 50 mill. long. 

Crustacean ea sCyclopsy © sissies. o> «1 
POOP ATONE. Sclets ors sel o'a vis 75 per cent. 
1 Hyalella knickerbockeri 

Insecta. 2 Chironomid larve........... 10 per cent. 
Alen “and mud" Saree. cee ane cine = tres 15 per cent. 

No. 5 (309). 43 mill. long. 

rashices, lO MIONG: «2522.5. dase a54% oe 50 per cent. 
Insecta’ “Hragmentgeresed secs ss ss 20 per cent. 
EH cDay cls Soe oa dete pad aes OBI eR Seka 30 per cent. 

No. 6 (309). 50 mill Jong. 

Crustacea. 1 Hyalella knickerbockeri 
2 CYCLODSS ah he toe hes 50 per cent. 

MOOV AVON ere ota es ack 

ALO apse ta ee PRIS T Ye 5 cre Se ose te opine ce 50 per cent. 

No. 7(314). 55 mill. long. Stomach empty. 

As is usually the case with young fish, the food of these 
juvenile individuals is seen to consist chiefly of Crustacea. 
The larger specimen (110 mill, No. 2) had evidently 
reached the stage when a molluscan diet could be added. 
Forbes (1888, b, p. 461) records the food of two young 
individuals (2 to 31% inches long) as chiefly ephemerid and 
chironomid larve, small crawfish, Asellus, Cortxa tumida, 
Cyclops, Daphnia, filaments of Spongilla, Chydorus, Scapho- 
leberis mucronatus, a few Diatoms, and traces of filamentous 
alge. Hankinson (1908, p. 208, 249) found the food of 
adults to consist of er awfish, small. fish, mollusks, entomostra- 
cans, leeches, beetles, and the larve of Hexag genia, Hepta- 
genia, midges, and dragon-flies ; ten stomachs were examined. 
One specimen contained two dragon-fly larvae, 32 Hexagenia 
larve, 2 midge larve, and 1 minute bivalve (possibly 
Pisidium). 

Schilbeodes miurus (Jordan). Brindled Stonecat 

A specimen of this species, caught in seine in shallow 
water, at Lower South Bay, October 12, 1914, contained 
only alge and mud in its stomach and intestine. It was 
32 mill. long. 
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Umbra limi (Kirtland). Mud Minnow; Mudfish. 

Forbes (1909, p. 204) examined ten specimens and found 
the food to consist largely of duckweed (Wolffia) and 
unicellular alge. Insects and crustaceans (mainly Entomos- 
traca) made up more than 25 per cent. of its food. Mollusks 
were found to the extent of 5 per cent. in some specimens. 
Physa and Planorbis (taken in July) were the only genera 
noted. Hankinson (1908, Dp: 209) found the food of four 

specimens to consist of entomastracans, green alge, water 
mites, midge larve, Planorbis shells, and miscellaneous 
insects. Two of the fishes were caught in April and two in 
July. 

Esox reticulatus (LeSueur). Chain Pickerel; Green Pike. 

The common Pike or Pickerel of Hlinois (Hsox luctus) 
feeds almost entirely on fishes when adult; a single specimen, 
out of 37 examined by Forbes (1888, b, p. 454), had eaten 
20 per cent of dragon-files. The fishes eaten were sunfish, 
black bass, crappie, gizzard shad, Cyprinide (chiefly 
Notropis hudsonius) and Buffalo fish (Ictiobus bubalus and 

I. cyprinella). A number of the fish eaten are mollusk 
eaters. No records have been seen of the food of Hsox 
reticulatus, and while large individuals probably do feed on 
fish, small or young specimens 10 to 16 inches long feed 
almost entirely on crawfish. 

The data from five individuals is shown below, all caught 
in Frederick Creek, above the railway bridge, Constantia, 
with seine, September 8, 1915. The food of these is stm- 
marized below for comparison with those from Green Lake, 
Jamesville, N. Y. (see p. 201): 

COMMDOTUSteane area eee eet cee on tear ree ae 75 per cent. 
STE UES CRDEeE PORRO De Ge ne SCE eRe MEAN PRS. oe 25 per cent. 

No. 1 (142). 280 mill long. 

Remains of crawfish (Cambarus bartoni robustus) in 
stomach; 2 gastroliths 7.50 mill. in diameter. In- 
testine filled with jelly-like mass of digested matter. 
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No. 2 (142). 235 mill. long. 

Piece of skin of frog (Rana). 

No. 3 (142). 247 mill. long. 

Remains of two crawfish (probably Cambarus bartoni 
robustus) in stomach; gastroliths, 2 mill. and 6 mill. 
in diameter. 

No. 4 (142). 230 mill. long. 

Stomach empty; intestine filled with unidentifiable 
mass. 

No. 5 (142). 240 mill. long. 

Stomach and intestine empty. 1 crawfish 30 mill. long 
in mouth (Cambarus bartoni robustus). 

Fundulus diaphanus (LeSueur). Fresh Water Killy. 

Hankinson (1908, p. 209) found the food of this fish to 
consist of midge larvae, water-fleas, may-fly larvee, beetles, and 
a small amount of filamentous algw. Forbes (1883, a, p. 71) 
found the western variety menona to feed upon a variety of 
material, as noted: 

Vegetable matter, largely seeds................ 20 per cent. 
Insecta (Chironomus, Hydrophilide, Ephemeride 

larve, terrestrial insects and spiders)........ 40 per cent. 
Crustacea (chiefly Allorchestes dentata)....... 20 per cent. 
Molbisean (Planorbis), 5. 20s 21.Joe Be Ss eS 5 per cent. 
WSAGMATICO US: 8) hh nthe Ws) ie cats aia = Bee 15 per cent. 

Planorbis, taken in June and October and Pisidium taken 

in June were noted. 

7+ Fundulus dispar (Agassiz). Killifish. 

Kighty per cent. of the food (Forbes, 1883, a, p. 73) of 
this species consists of animal matter, of which 25 per cent. 
is molluscan. Insects form another 40 per cent. and crus- 
taeans only 4 per cent. ‘Three molluscan genera, Physa, 
Planorbis (taken in July) and Valvata sincera (probably 
should be lewisiz) were noted. 

1 Fundulus notatus (Rafinesque). Top Minnow. 

Insects form the chief diet of this fish. Entomostraca and 
other Crustacea are also present, as well as about 3 per cent. 
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of mollusks. Physa was noted in September and October. 
As a whole the food of the genus Fundulus may be sum- 
marized as follows (Forbes, 1883, a, p. 73): 

Terrestrial and aquatic insects, ete............. 61 per cent. 
Crustacea: sore Sina: ose hee ee satis ee ees ek 4 per cent. 
Molise serge docs said ses es cena acne 15 per cent. 
Weretablestoodiee ner c cei: | shui 5 sue et a cir e omters 20 per cent. 

{ Gambusia affins (Baird and Girard). Viviparus Top- 
Minnow. 

Three genera of mollusks have been taken from the stomach 
of this top-minnow. (Forbes, 1888, b, pp. 512-513.) 

Valvata sincera (probably should be lewisii?) taken in September. 
Physa, taken in September and October. 
Planorbis, taken in September. 

Labidesthes sicculus (Cope). Brook Silversides. 

Forbes (18838, a, p. 65) examined 25 specimens of the 
Brook Silversides, finding the food to be purely animal, a 
little over half consisting of insects and a little less than half 
crustaceans. The larvee of Chironomus were among the im- 
portant elements, making 30 per cent. of the whole. The 
crustaceans were all Entomostraca, including Copepods and 
Cladocera; Daphnia, Simocephalus, Bosmina, Chydorus, 
Pleuroxus, Alona, and Hurycercus occurred among the 
Cladocera, and Cyclops, Canthocamptus, Diaptomus, Iimno- 
calanus and EH pischura among the Copepods. A few terres- 
trial insects, accidentally washed into the water, formed about 
12 per cent. of the food. According to Forbes (1888, a, p. 
513) unrecognizable Mollusca have been found in the stomach 
of this fish. Four specimens from Oneida Lake were exam- 
ined and the stomach contents noted. They were collected 
in the west side of Ladd Bay, near Ladd Point, on a sand 
bottom, covered with Bulrushes, September 3, 1915. 

No.1 (101) 53 mill. long. 

Insecta. 23 adult midges, fragments* . ae 80 per cent. 

*Midges were noted by counting the number of pairs of eyes, all flies 
being represented only by fr agments. 
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Crustacea. 1 amphipod, Hyalella knicker- 
GOCRCIAL scceh ettg fe pine tee So oe ade wD oinls « 20 per cent. 

No. 2 (101) 52 mill. long. 

Insecta. 9 adult midges, fragments...... 100 per cent. 

No. 3 (101) 51 mill long. 

Insecta. 17 adult midges, fragments..... 89.50 per cent. 
ACATINA 2) WCET INVES sss) ar-u5 one easeainr= > ol << .50 per cent. 
Crustacea. 74 Entomostraca (Bosmina 

LONGIT OSES). sks acca cee ere 9.00 per cent. 
Bryozoa. 20 statoblasts of Plumatella.... 1.00 per cent. 

No. 4 (101) 55 mill. long. 

Insecta. 5 adult midges, fragments...... 100 per cent. 

The average for four specimens is insects, 92.38 per cent. ; 
crustaceans 7.25 per cent.; Acarina and Bryozoa .37 per 
cent. 

Ambloplites rupestris (Rafinesque). Rock Bass; Red Eye. 

Forbes (1880, a, p. 44) found the food of four adult Rock 
Bass to consist of small fishes, 15 per cent.; Neuroptera, 
Odonata, ete., 40 per cent., and crawfishes 30 per cent. 
Three young fishes had fed on Entomostraca and a few insect 
larve. Hankinson (1908, p. 210) found the Rock Bass in 
Walnut Lake, Mich.. to feed largely on crawfish. Nineteen 
specimens gave the following results: Crawfish in 10; 
dragon-fly larvee in 6; midge larvee in 2; small fish in 1; 
May-fly larvee in 1. Reighard (1915, p. 231) examined 17 
specimens, finding a small fish in one, a crawfish in a second 
and Cambarus virilis and dragon-fly larve in another. Mar- 
shall and Gilbert (1905, p. 518) examined 16 specimens, 13 
of which contained food; in 2 insect larvee were found, and 
in 12 crawfish were found. Of the Oneida Lake specimens, 
3 out of 5 had eaten crawfishes. It seems evident that this is 
the favorite food as 30 out of 39 specimens had eaten this 
animal. In the spring the food consists mostly of the larvee 
of insects, crustaceans, and worms. In summer and fall the 
food appears to consist principally of crawfish. 

The data for the Oneida Lake records is given below. Nos. 
1-2, collected on Grass Island bar in trap nets, Sept. 9, 1915, 
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nee 12-16 feet deep, stony bottom; No. 3, Lower South 
Bay, October 12, 1914, seined in shallow water; No. 4, 
Oneida Lake, purchased from fisherman; No, 5, from near 
Constantia, 
Nos. 1 and 2 (144). 190 mill. long. 

Crustacea. Crawfish (Cambarus) fragments. 75 per cent. 
Hyalella (knickerbockerl?) legs.. 25 per cent. 

No. 3 (309) 113 mill. long. 

Crustacea. Hyalella (knickerbockeri?), legs, 
OU Csi sre crns Siena anes Groner shel helene Clogs eee Caen 75 per cent. 

Bryozoa. 12 Plumatella statoblasts......... 5 per cent. 
IBeMR Nhe s Ginil Heya CO ome > 66 codoonK 20 per cent. 

No. 4. 215 mill. long. 

Stomach, Crustacea. Cambarus fragments. 
Intestine, macerated matter. 

No. 5. 155 mill. long. 

Insecta. Odonata nymphs, legs and fragments 15 per cent. 
Mée@cerated tment ters ete tint nnarcists ts teh-ntotereeinn er. 85 per cent. 

* Lepomis pallidus (Mitechill). Bluegill; Blue Sunfish. 

Forbes (1880, a, p. 49) examined 24 adult Bluegills and 
found them to differ widely in their food. He therefore 
divided then into three groups: 

1. From clear, inland, northern lakes, taken in May and June. 
2. From Calumet River and from Lake George, Ind. 
3. From Illinois River, taken in May, July, Aug., Oct., and Nov. 

Group 1. 5 SPECIMENS. 

Insecta. Caddis-fly, dragon-fly, Agrion...... 62 per cent. 
Crustacea. Allorchestes “dentata Re me ata teee Sore 27 per cent. 
Mascellaneous tii. centttceiy@ ake a lcithe eilelkebeled exe 1 per cent. 

Group 2. 4 SPECIMENS. 

Crustacea. Allorchestes and Asellus......... 52 per cent. 
Insecta. (Terrestrial and aquatic, Phryga- 

NETCE MlONINGMINA)) Ws hocedoe ae odueowoo nooo sc 23 per cent. 
Plait Seisase ees Seo cratic ae aee cee tae cle tence erase ees 25 per cent. 
Mollusca. Vivipara (trace). 

Group 3. 15 SPECIMENS. 

IMUM SCASESIES PoE cose ite eke Wee onthb ate chet trom ate ies 16 per cent. 
Insectal i (terrestrial) 2080p sca cosy ooueys alesis onioys ehh 15 per cent. 
Tmsectale (aqabic) Meret p-rep-n. vl ctoisee te pey -veksiere is 32 per cent. 
Vegetation. Ceratophyllum, Nais, alge..... . 31 per cent. 
Crustacea. (Crawfishes, Asellus, and Allor- 

AKE50GS)) he ot Su oc cob apotae doce ogn. Do Duo 6 per cent. 
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Five genera of mollusks are listed. 

Amnicola, taken in October. 
Vivipara, taken in July and November. 
Physa, taken in November. 
Planorbis, taken in November. 
Spherium, taken in October. 

The food of the young consists of Entomostraca (57 per 
cent.) and Chironomus larvie (37 per cent.). A few water- 
spiders and amphipods make up the balance. As the fish 
increases in size, less Entomostraca are eaten and more in- 
sects, specimens two and three inches long having the ratios, 
Chironomus larvee (30 per cent.), Cortxa (25 per cent.), 
Neuroptera (14 per cent.), Crustacea (about 30 per cent. ). 

Hankinson (1908, p. 212) found the Bluegills of Walnut 
Lake to feed upon eaddis-fly larvee, crawfish, midge larve 
and pup, Heptagenia, Hexagenia, and WSialis nee until 

the middle of May, after which crawfish, grasshoppers, 
crickets, beetles, and other land insects, together with ento- 
mostracans, were the chief articles of diet. No mollusks are 
recorded. Reighard (1915, p. 233) found a very large per- 
centage of vegetation in three specimens, including Hlodea 
and Chara. Bryozoan statoblasts, heads, wings and legs of 
insects, apparently adult Diptera, were also present. Mar- 
shall and Gilbert (1905, p. 518) examined 30 specimens, 20 
of which contained food; 9 contained plant tissue, 13 plank- 
ton, 9 insect larvae, 2 Gammarus, 1 leeches, and 1 snails, 

mostly Physa ancillarva 

* Lepomis megalotis (Rafinesque). Long Hared Sunfish. 

The food of this sunfish is said by Forbes (1880, a, p. 
53) to be as follows, based on the examination of three speci- 
mens: Chironomus larve (60 per cent.), mollusks (16 per 
eent.), Allorchestes, Asellus, Corixa, gyrinid larvee, and a 
few chrysomelid larve. One specimen (taken in June) con- 
tained the remains of an Anodonta. Hankinson (1908, p. 
212) records, from three specimens, May-fly larvee, dragon- 
fly larvee, caddis-fly larvee, and leeches. 
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{| Hupomotis heros (Baird and Girard). Sunfish. 

Three genera of mollusks have been observed in the stom- 
ach contents of this sunfish (Forbes, 1888, b, pp. 512-513). 

Amnicola, taken in September. 
Planorbis, taken in September. 
Unionide, taken in September. 

Hupomotis gibbosus (Linnaeus). Pumpkinseed. 

Mollusks form about 50 per cent. of the food of this sun- 
fish in Illinois. Forbes (1880, a, p. 54) gives the per- 
centages of food at different ages as follows: 

Inrancy. 37-50 mill. long. 9 specimens examined. 

ChironomusMlanyee) Eee: 2 eee eee oe 51 per cent. 
Hmntomostracan..s sascha: “ltearhtici: ice roe 26 per cent. 
Insects esos: daphnidsty. saae..n ee eee 12 per cent. 
Hphemerid slanveel weer oe ot ae eee eee '5 per cent. 
Miscellaneous: ¢:5: .atrcprey «okt to eek oe re 6 per cent. 
MOUIMSKS 3... 2 ie aac leche oot ogc Enea eee ee trace. 

YOUTH. 50-75 mill. long. 5 specimens examined. 

ARGO SOMLS MEWNIES 5 does SHO OO SoD Se SONG S85 e 44 per cent. 
HN GOMOStTACA. aches ceo heen en tae saree are eee 18 per cent. 
AITOPENR ESTES MSV TIEN eis aoe cine oo tehecentereteees eae 14 per cent. 
Neuropberas. <gssry fo seca tyaeheerS® © kotor sere e 11 per cent. 
Youne*WmiOst srw erate rs shen eee heen: ek eee 2 per cent. 
Miscellaneous: NA siphit tam ole RS aes 11 per cent. 

In two specimens nearly three inches long the molluscan 
content rose to nearly 50 per cent., the total amount standing 
as follows: 

Molluscan (ChietvasE 27 sa) enteciti)i-t-)-1 ie 50 per cent. 
ORTONGINUSN OE. Sos fae oO eek foe few. 
AILLOTCHESTES Ee ate ein ea ae ee ahs, Salitare one 
Hphentenidplamvccesrs ena lait tensaie- eee aie Seam lene aE . 

Entomostraca seem to disappear from the food when the 
sunfish reaches this length. 

ADULT. 9 specimens examined. 

WKN eS Here se Gade OF OT MUO OES POO SO Oc 46 per cent. 
Crustacea acre nettles sires. cisgae.s cidus esasieyhcotieus cua ie 22 per cent. 
EM SOC CSS aeyecr. swe qtecotei oR Hage, seu Sete) cee beg we tecorsTaylewe 20 per cent. 
Vegetation: |<. gale wieem ibe teres moe taiteranel ot hehe rete tae 12 per cent. 
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The species of mollusks noted in the food are as follows: 
Amnicola, taken in May, July and August. 
Valvata tricarinata, taken in May. 
Planorbis, taken in May. 
Physa (young). 
Anodonta (young). 

Hankinson (1908, p. 213, 245-250) records the food of 
22 individuals (adults). Of these, 8 had eaten midge larva, 
5, caddis-fly larve, 1, an amphipod, 7, Heptagenia larve, 9, 
Hexagenia larvee, 5, leeches, 3, dragon-fly larvee, 3, May-fly 
larvee, and, 4, crawfishes. From this data the sunfish in Wal- 
nut Lake prefer insect larve, principally Hexagenia and 
Heptagenta. Hankinson says “ while May-fly larvee of the 
genera Hexagema and Heptagenia seemed to be the favorite 
food, crawfish, amphipod crustaceans, snails, leeches, midge 
larvee, caddice-worms, and other insects were all found in 
the contents.” 

J. E. Reighard (1915, p. 233-234) examined 13 speci- 
mens from Douglas Lake, Mich., 9 of which contained food. 
In 6, mollusks or their fragments were found, 4 of these 
containing nothing else, while a fifth contained 3 small 
snails, fragments, and a quantity of orange colored fruits of 
Chara; 4 had eaten insect larvee and 1 an ostracod. Reighard 
says “‘ snails appear to be the most important element of the 
food and next to these, insect larvee, but exact percentages are 
not available.” Two species of mollusks were identified from 
the stomach contents, Amnicola limosa, adult, and Planorbis 
bicarinatus portagensts (== P. antrosus portagensis). Mar- 
shall and Gilbert (1905, p. 519) examined 5 specimens, from 
Lake Mendota, Wis., and found the food to consist of insect 
larvee, snails, and small bivalves. 

Seventeen specimens were examined from Oneida Lake, 
13 of which contained food. The food ratios based on the 
data in the following pages, are: 

‘Adult. Youth. Infancy. 

IVIOUINESGA cea cts sole, oo he ee 66.25 67 .50 — 
Grustaces. * 02232 See eee 5 16.50 90.00 
tsecta- > .tVPi oe Ser ee eee 6.25 75 — 
IG OZOGeR ete le ote ens nena ene .25 5.00 
NR ee poets eh ada Oe 15.00 5.00 1.25 
Macerated material ......... AED AS — 
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FOOD OF ONEIDA LAKE SUNFISH. 

Nos. 1-7, collected on Grass Island bar in trap nets, 
September 9, 1915, water 12-16 feet deep, stony bottom ; 
Nos. 8-14, Lower South Bay, October 12, 1914, seined in 
shallow water; No. 15 Oneida Lake, purchased from fisher- 

. 7 (144). 

. 8 (309). 

. 16, 17, from near Constantia. 

GROUP 1. ADULT. 

140 mill. long. 

Mollusca. Planorbis campanulatus, 1 per- 
fect shell, young, balance frag- 
MUEVES.. ..!b oi. cehei.eekee enti taste 

Miscellaneous. Digested matter, unrecog- 
MOUZADUCS, 6) cute gocsieles sks le RED 

140 mill. long. Stomach empty. 

140 mill. long. 

Mollusea. Planorbis, fragments of shells.. 100 

140 mill. long. 

Mollusea. 1 Planorbis campanulatus, 5 mill. 
1 Galba catascopium, 6 mill. 
1 Amnicola limosa, 3 mill. 

1 Planorbis antrosus, 5 mill. 
Shell fragments abundant..... 100 

140 mill. long. Stomach empty. 

140 mill. long. 

Mollusea. Shell fragments, probably Plan- 

140 mill. long. 

Mollusea. 4 Planorbis antrosus. 
3 Galba catascopium. 
Many fragments of shells, ma- 

jority being of Planorbis.... 100 

140 mill. long. 

Stomach contents. 

Mollusca. 3 Bythinia tentaculata.. . 
3 Planorbis antrosus.... 95 
Many fragments of shells 

Insects. 1 Helicopsyche borealis .... 5 

Intestine contents. 

Mollusea. 6 Bythinia tentaculata, 4 mill. 
45 Amnicola lustrica, 3 mill. 
5 Valvata tricarinata, 4 mill. 

per 

per 

per 

per 

per 
per 

per 

per 

per 

cent. 

cent. 

cent. 

cent. 

cent. 
cent. 

cent. 

cent. 

cent. 
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1 Valvata bicarinata normalis, 4 mill. 
3 Planorbis exacuous, 2 mill. 
2 Planorbis antrosus, 5-6 mill. 
1 Pisidium species, 1% mill. 
1 Spherium vermontanum, 4 mill. 
Many fragments of shells. 

Crustacea. 2 Amphipods, Hyalella knickerbockert. 

Insecta. Caddis-fly, Helicopsyche borealis. 
Many fragments. 

Plants. Wild celery, Vallisneria spiralis, 1 piece 25 
mill. long, 1 piece 6 mill. long. 

Total intestine contents: 

WIG) PIRES A SSS PRS SES SAAL Se 60.00 per cent. 
CURLEY CET ARS USHA a 5 aie ges .05 per cent. 
TMS bE ass iciss sressuokte eke soko Meck oees 34.00 per cent. 
1 SATO Sa ares GAN Is Rt ns « 5.05 per cent. 

Tota yee ee Be aR ene Ves ec 100.00 per cent. 

No. 15. 170 mill. long. 

Stomach empty, food in intestine. 
Insecta. 1 beetle. 

3 Odonata nymphs (fragments)...... 30 per cent. 
Plants» -Leprecer of- leat. es... 5. eee eae 10 per cent. 
Indistinguishable matter (22.2... stestiess >= «= 60 per cent. 

No. 16. 150 mill. long. 

Stomach empty, intestine filled with macerated material. 

No. 17. 155 mill. long. 

Insecta. Odonata nymphs, legs and fragments.. 15 per cent. 
Dicestedy materials 557}. 22)be ee eos ee 85 per cent. 

GROUP 2. YOUNG. 

No. 13 (309). 93 mill. long. 

Mollusea. 16 Ammicola lustrica ...... 50 per cent. 
4 Planorbis species ...... 

Mass of shell iragments.... \ Bey use bee 

No. 14 (309). 110 mill. long. 

Mollusea. Fragments of shells........ 5 per cent. 
Crustacea. Hyalella knickerbockeri, legs, 

SO EES COROT MG CO eee 45 per cent. 
Plants. PMT ey oe Qo te DO EPS SOE 50 per cent. 

No. 9 (309). 80 mill. long. 

Mollusca. 30 Amnicola lustrica, %-2 mill. long. 
1 Physa ancillaria warreniana, 2 mill. long. 

14 Planorbis, ¢c. f., campanulatus. 
Plants. Alge. 
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Intestine packed with mollusks including a large amount 
of broken shells, this group making up over 95 per cent. of 
the total mass. 

No. 10 (309). 80 mill. long. Stomach empty. 

No. 11 (309). 80 mill. long. 

Mollusea. 11 Amnicola lustrica... 
4 Planorbis antrosus.. 70.00 per cent. 
1 Planorbis parvus.... 

Mass of broken shells. 
Insecta. 2 caddis-fly cases Rhepies 

COLLG)eceauear ae 3.00 per cent. 
Crustacea. Amphipod fragments. . 

1 Copepod. 21.50 per cent. 

Bryozoa. 3 Plumatella ‘statoblasts. .50 per cent. 
Plants. AEE onond CoO a OCS Ra OUON c 5.00 per cent. 

GROUP 3. INFANCY. 

No. 12 (309). 44 mill. long. 

Crustacea. 100 Alona. . 90 per cent. 
8 Cyclops. sueiks 

Bryozoa. 6 Plumatella statoblasts. 5 per cent. 
Plants. ign. Saee- be ec eae 5 per cent. 

To summarize, the Pumpkinseed of Illinois waters, Doug- 
las Lake, Mich., Mendota Lake, Wisconsin, and Oneida Lake, 
New York, are largely mollusk eaters. Those of Walnut 
Lake, Mich, are insect eaters. There may be some, as yet 
unknown, factors which cause this variation in the food of 
a typical mollusk-eating fish. It cannot be lack of mollusks 
in this lake because eight or more available species are known 
to live in the lake (Hankinson, 1908, p. 235). As bottom 
inhabitating insect larvee are present and eaten there must be 
some selection by the fish. 

Micropterus dolomiew (Lacépéede). Small-mouthed Black 
Bass and 

Micropterus salmoides (Lacépéde). Large-mouthed Black 
Bass. 

In the Manual of Fish Culture of the U. S. Bureau of 
Fisheries, 1900, page 153, the food of the adult black basses 
is said to consist of: ‘“‘ Crayfish, minnows, frogs, tadpoles, 
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worms, and mussels.” No specific reference to the use of 
mollusks as food by these game fishes has been noted else- 
where, although as bottom feeders, to a degree, one would 
expect them to use this class of animals for food. Forbes and 
Richardson (1909, p. 265) remark that little is known con- 
cerning the food of the Small-mouthed Black Bass. Forbes 
noted, in three specimens examined, the remains of fish and 
erawfish. In the Largemouth he noted fishes and crawfishes. 
The food of the Large-mouthed Black Bass is better known. 
Forbes (1880, a, p. 43) examined 31 specimens, which gave 
the following data: 

InrANcy. Less than 25 mill. long. 5 specimens examined. 

Crustaceaty pAmphipoday ape 2 ses te ee 7 per cent 
HntOMOStraca.y <acieecter e sient 93 per cent. 

YOuTH. 25-50 mill. long. 6 specimens examined. 

Crustacea, | Hntomostraca.(-) si. ar. seis ere sete 25 per cent. 
insectan SMiptend., larvites.)..uyaipies so iereete 2 per cent. 

EVQMG DUCT gsc oc 3, Sain PS gta S Soe me 44 per cent. 
IRISCERS, S-ISHER. ose OES on PME done see ste aitovs 8 29 per cent. 

YoutH. 50-75 mill. long. 2 specimens examined. 

Insecta. Undetermined larve .............. 50 per cent. 
Hemiptera“ (Cortaa). 5 o-ae.o5< oy 2 <'3's 50 per cent. 

YoutH. 75-100 mill. long. 4 specimens examined. 

Crustacea. Entomostraca, trace. 
mnisectas,, | Hemipterday jcctys:cic.c-octelstss ohaye iors 57 per cent. 

PpPHEMeni as ito. 4 oS Pe ac ae 43 per cent. 

ADULT. 14 specimens examined, 

Crustacea. Decapoda (Cambarus) .......... 7 per cent. 
Insecta. Hemiptera, Odonata............... trace 
Pisces. Perea, Percina, Dorysoma, Cyprin- 

ides, Siluridee ener. 1.0. Ura Oe sare ees FI 86 per cent. 
iPlamtssahAll poets: sets ete eee | ee trace 
MESES ARCOM a cal wrerys apes iki cs SR Va von hn. ok 7 per cent. 

More detailed information is needed from other localities 
regarding the food of the adult Black Bass. 

Perca flavescens (Mitchill). Yellow Perch; American 
Perch. 

The food of the Perch varies with age and with location. 
Forbes (1909, p. 277) examined 18 specimen from the 



190 College of Forestry 

rivers and found these had eaten 6 per cent. fish, 20 per cent. 
thin-shelled mollusks, 25 per cent. insect larvee and about 49 
per cent. Crustacea. A dozen specimens from Lake Michi- 
gan had eaten nothing but fishes and crawfishes, the former 
greatly predominating. The Perch is said to eat the spawn 
of other fishes. Forbes (1880, a, pp. 28-31) examined 49 
individuals of all ages, finding the food to vary for the dif- 
ferent ages, as noted below: 

Inrancy. Less than 25 mill. long. 2 specimens examined. 

Cyclops and Entomostraca. About equal quantity of 
Daphnia, 

Insecta. A few minute Chironomus larve. 

YoutH. 27-50 mill. long. 9 specimens examined. 

Crustacea. Cladocera, Daphnia. 
Simocephalus. 
Bosmina. 
Chydorus. 
Pleuroxus., 

Copepoda. Cyclops. 
Diaptomus. 

Amphipoda. Allorchestes.... .. 

Insecta. Chironomus larve. 
Ooriza. 
Dphemerid@o. & «a. Mi. Os 

66 per cent. 

34 per cent. 

Youtu. 63 mill. long. 4 specimens examined, from. Peoria, IIl., in 
November. 

Insecta. Hemiptera, Comea .s.. -cl ese 
Neuroptera, Palingenia larve ...... 
Odonata, Agrionide nymphs ....... 

YOUTH. 88-100 mill. long. 4 specimens examined. 

Insecta. Chiefly nymphs of May-flies ........ 
Crustacea. Chiefly Amphipoda and Cladocera. 

ADULT. 18 specimens examined from Illinois streams. 

Crustacea. Cambarus. . \ 10 t 
Palemonetes. . . { BST book 
Allorchestes.... 15 per cent. 
Aseitus.. ...\420%e 
Mancasellus. . ... § SOG NES ges 

Insecta. Ephemeridi) . oo 7% oe = eta i hie ) 
Odemates pai 0s. eae Ae sabes ‘ 
BRT ye ANCE: Pt che- cere ah J 

12 per cent. 
83 per cent. 
5 per cent. 

45 per cent. 
55 per cent. 

48 per cent. 

24 per cent 
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Mollusca, CnvtOn : Gn eareiea. - ite peta able Sia ) 
Spherium (Cyclas) .......... | 
ISCAS a 308) BSH CIS ere eeice $ 19 per cent. 
Physa heterostropha .......... 
Valvata tricarinata .........-. 

Pisces. Peacilichthys (eaten by one fish)..... 9 per cent. 

ADULT. 12 specimens examined from Lake Michigan. 

Crustacea. Cambarus wirilig ......-..:4.-+: 14 per cent. 
ised. Cyprinids: ys me woth eo ees ks alten 2 86 per cent. 

Hankinson (1908, p. 215) examined 32 stomachs. The 
contents of 15 are listed in his tables (pp. 245-251). Three 
of these were in the “ youth” stage (34-38 mill. long) and 
had eaten only copepods and other entomostracans. Of the 
balance, ranging from 4 to 6 inches (100-150 mill.) in 
length, 8 had eaten midge larve or pupe, 1, Hexagenta 
‘larvee, 1, May-fly larvee, 2, Daphnia (one contained only 
Daphnia), 1, copepods, and 1, crawfish and the remains of a 
small fish. Of the entire 32 stomachs, Hankinson says 13 
had eaten midges in several stages of development, and 11 
had eaten crawfish. These two groups, therefore, form the 
most important food of the Perch in Walnut Lake. The dis- 
tinction in food between the young and adult fishes is not 
here as marked as noted by Forbes for Illinois perch. J. E. 
Reighard (1915, p. 236-7) examined and tabled the food 
of 24 fish from Douglas Lake, Mich., 19 of which contained 
identifiable material. ‘‘ Of these, 11 contained insects only, 
one contained insects together with a crayfish, three con- 
tained crayfish only, and four contained fish only. The rela- 
tive importance of the three kinds of food is perhaps indi- 
eated by the frequency of the occurrence of each, which is 
the ratio: Insects 3, fish 1, crayfish 1.” Marshall and Gil- 
bert, (1905, p. 520-521) found the Perch of Lakes Men- 
dota, Monona, and Wingra, Wisconsin, to feed on a variety 
of material. Fifty-six specimens were examined of which 
39 contained insect larvae, 14 gammarids, 6 snails (mostly 
Physa ancillaria), 9, crawfish, 2, plant remains, 16, plank- 
ton, 2, minnows, and 3, fish spawn. In this locality insect 
larve appear to be the most important food element, in this 
respect resembling the Walnut Lake fish. Smallwood (1914, 
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p. 22) found quantities of Amnicola limosa in the stomach 
of Perch from ponds in the Adirondack mountains. 

The lot from Oneida Lake, containing 16 specimens, is far 
from satisfactory because the majority are in the youthful 
stage. The data obtained from these specimens is presented 
below. No. 1, collected in trap net on Grass Island bar, in 
18 feet of water, September 9, 1915; No. 2, obtained in 
market at Syracuse; Nos. 3-16, Lower South Bay, October 
12, 1914, seined in shallow water. 

YoutH. 45-75 mill. long. 

No. 10 (309). 66 mill. long. Stomach empty. 

Platyhelminthes. 2 tapeworms in in- 
FeStime nis M.S. AiAdeed seine eetomeroe ote 45 per cent. 

Macerated matters er sckr = acneier rer 55 per cent. 

No. 11 (309). 71 mill. long. 

Crustacea. 100 Bosmina longirostris... 50 per cent. 
Macerated ma tuer tire ce cra rein 50 per cent. 

No. 12 (309). 68 mill. long. Stomach empty. 

Macerated matter in intestine. 

No. 1/3’ (309). 75 mull. long. 

Inseets. Dragon-fly nymphs, fragments 60 per cent. 
Macerated matter in intestine........ 40 per cent. 

No. 14 (309). 75 mill. long. 

Crustacea. Daphnia hyalina ...... 
AUOFOUE TS oho, Sioersciate oes 
Epischura lacustris, 1 

male, 1 female....... 

45 per cent. 

Insecta. Chironomid larvae (a few) 5 per cent. 
Maceratedwn atte rar erie er asic into iiic ie 50 per cent. 

No. 15 (309). 70 mill. long. 

Crustacea. Daphnia hyalina, many... 20 per cent. 
Platyhelminthes. 12 Planarians...... 50 per cent. 
Macerated matters. ae sete eee ceiomere 30 per cent. 

No. 16 (309)... 45 mill. long. Stomach empty. 

YoutH. 75-100 mill. long. 

No. 3 (309). 98 mill. long. 

Insecta. 5 damsel-fly nymphs ....... 85 per cent. 
Crustacea. Entomostraca, Hyalella .... 5 per cent. 
Macerabed matter ere tscterst tehseususiers soe 10 per cent. 

No. 4 (309). 100 mill. long. 

Insecta. Damsel-fly nymphs, fragments. 100 per cent. 
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No. 5 (309). 98 mill. long. 

Insecta. 13 chironomid larve......... 100 per cent. 

PRE-ADULT, 100-125 mill. long. 

No. 6 (309). 113 mill. long. 

Crustacea. Camobarus, claw 7 mill. long. 20 per cent. 
Finely macerated matter.............. 80 per cent. 

INOS (809). 115 mill long. 

Crustacea. Cambarus, fragments...... 25 per cent. 
Miaicerated -matber —ocpae ata se -cbeia os 75 per cent. 

No. 8 (309). 125 mill. long. 

Insecta. Dragon-fly nymph, fragment. . per cent. 
Macerated matter per cent. 

Aputr. 125-200 mill. long. 

No. 9 (309). 200 mill. long. Stomach empty. Intestine filled with 

jelly-like matter. 

No. bo Length unknown, but fish adult (only stomach contents 
available). 

Mollusca. 1 Musculiwm securis ...... 10 per cent. 
Crustacea. I Combanus:.. «asc s oe e 40 per cent. 
Pisces. IPsmallensh soem see 50 per cent. 

No. 1 (145). 200 mill. long. 

Stomach and intestine empty. 

As noted by Forbes (1880, a, p. 29) in his study of Illinois 
fishes, the food of the Perch of Oneida Lake changes in 

character as the fish increases in age. !nsects and Entomw- 

straca form the food of fish under 100 mill. in length. This 
may be expressed by the following ratios: 

IS CCU ARR neh ae cay Shh esta epecat myst tre aryl ioe aps 43.13 per cent. 
Crustacea, —Hntomostraca sss. -). «4-4-6. 5. 15.62 per cent. 
RtuyNChMmING AGS. 0.0: 35's ras Seas > AT a 11.88 per cent. 
Mecerated Mather asses On. A eenen ee mis, 2. 39.37 per cent. 

A class of sizes, 100-125 mill., is here designated as pre 
adult, in which crawfish first appear, and before fish or 
mollusks are user as food. These afford ratios of : 

UISUAGea. CRAWLS 22. ney cesegs ous 'heyedsyausiete:« 15.00 per cent. 
LN TRSYC ET ea ee TARE Re a tn gehOene Go baieS Solan Smee 25.00 per cent. 
Miacerateds matter. cratic s te tke says s Geis 60.00 per cent. 

fi 
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Of adults there is no data upon which to express an 
opinion. One stomach contained crawfish, fish, and mollusk 

material and it is probable that the food is similar to that 
deseribed by Forbes for Illinois. Fish for stomach exam- 
inations should be freshly caught. Those caught in fyke nets, 
eill nets, or trammel nets are usually unsatisfactory because 
digestion has usually progressed so far as to render the 
material unrecognizable. If taken with such nets they should 
be examined frequently. The average of mollusean food for 
all localities here considered is about 8 per cent. 

Percina caprodes zebra (Agassiz). Manitou Darter; Log 
Perch. 

Forbes (1880, a, p. 28, 27) records the food of the Log 
Perch of Illinois as follows (11 specimens examined ) : 

Molluscat. “Aineyluseripwlanis: aps sce = oo) eee ea eee 1 per cent. 
Insecta. Chironomus and other fly larve........ 43 

Elemipbernae (iG O7t@)) me « opierse eke cite ae 5 
ING UGOPUETal wtp Ween pyar set. cot hich tka ae 17 

—— 65) percent. 

Crustacea. Amphipoda (Allorchesters) ........... 3 
Cladocera (Daphnia, ete.) 3.22.5 > 26-4. 24 
Ostracoda Cuprigid@) ene ae coe 1 
Copepoda (Gy clops)ian scene teenie 5 

——=— so speracent. 
Plants. ANS Bb BE Bee ehh Mia Sco So hige Sees Pan stens cA eee 1 per cent. 

Six individuals, caught in Lower South Bay, October 12, 
1914 (with seine in shallow water near pier) were exam- 
ined and the stomach contents noted. The contents averaged 
as follows: 

Molluscan; eBlanonbis, Aunmicola, = 72. <2). puree eee 1.00 per cent. 
Insecta. Chironomid larve and Odonata nymphs... 6.00 per cent. 
Crustacea. Amphipoda, Copepoda, Cladocera......... 36.40 per cent. 

Decapoda. Gar mea hie cee wes ockie bps < eke. 30.00 per cent. 
Plants. Filamentous aloe. (ebCie eee ses asin ceil & 18.00 per cent. 
NECN HCl SONS did Gon Sinibrdee ne Sb emis BHD bom ob Coc 8.60 per cent. 

DATA FOR FOCD IABITS OF MANITOU DARTER. 

No. 1 (309). 48 mill. long. 

Insecta. l Ephemera nymph ....... 
1 Bnallagma nymph ...... + 5 per cent. 
PRON HU) Ta aiN Oy So 5 chs Ades 
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Crustacea. Amphipoda (Gammarus). 
15 Cladocera (Alona). 
10 Copepoda, Cyclops strenwus 
1 Cyclops viridis? > GO per cent. 
Canthocamptus staphylinus. 
“Canthocamptus northumbri- 

CULT GFN Se TA ald 5 tessa J 
Maiceratedimanter’ puppets otisah = Beoh. . 35 per cent. 

No. 2 (309). 83 mill. long. 

Crustacea. Cambarus, fragments (part of 
ERO) Phan o. saieudse rola ceeire Eimear 25 per cent. 

1 Gammarus fasciatus ..... e ‘ 
1 Hyallela knickerbockeri.. . \ Bote eee 

Mollusca. 1 Planorbis hirsutus ...... B : 
’ 3 Amnicola lustrica ....... eee 

Insecta. Fragments (probably Odonata) 5 per cent. 
Plants. Filamentous alge ........... 40 per cent. 

No. 3 (309). 80 mill. long. 

Stomach and intestine empty. 

No. 4 (309). 82 mill. long. 

Crustacea. IHyalella knickerbockeri, frag- 
ments: 4 cate ee eee Per Cent: 

1 Cambarus (6 mill. long)... 25 per cent. 

Insecta 1 Hphemerella nymph....... ) 
1 Chironomid larve ....... 25 per cent. 
ll) Beetletlarva stots on-set 

No 5 (309). 75 mill. long. 

i Crustacea. 7 Cambarus (6 mill. long), 
Withedragmentss So. .).... ch 100 per cent. 

No. 6 (309). 75 mill. long. 

Crustacea. 1 Hyalella knickerbockeri .... 46 per cent. 
l Cyclops strenuus ~..22%:- 2). 1 per cent 

Plants. Filamentous alge and _ plant 
DISSUG ices oo aps) a\srayass feo 2 es 50 per cent. 

Miscellaneous material oi sooo teers ise 3 per cent. 

Boleosoma nigrum olmstedi (Storer). Tessellated Darter. 

Forbes (1880, a, p. 27) has tabulated the food of 12 indi- 
viduals belonging to this genus, 9 nigrum, 2 olmstedi and 1 
camurum. The diet of these species may be tabulated as 
follows: 
Insecta. Diptera, mostly Chironomus larve........... 73 per cent. 

Ephemerida, Ephemeride nymphs............ 8 per cent. 
Trichoptera, Phryganeide larve............. 15 per cent. 

mamntaced. Copepoda, Cyclops 22.0. sae re ed te le eb ae oe 4 per cent. 
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Hankinson (1908, p. 215) examined a few specimens from 
Walnut Lake, Mich., caught in April and found them to be 
feeding exclusively on midge larve or on filamentous alge. 
A specimen caught on May 21 had been feeding on midge 
larvee and entomostracans, but several specimens caught on 
the 22nd of May contained only midge larve. J. E. Reig- 
hard (1915, p. 239) records the Douglas Lake, Mich., darter 
as feeding in midsummer chiefly on midge larve and 
EKntomostraca. 

Three Tessellated Darters from Oneida Lake were exam- 

ined and their food found to consist of the following ratios: 

Youne. (36 mill. long). 

Crustacea. Entomostraca:. 2. .......:.5.5. SO Gpenicems: 
Plants. alli MS RRA RS GRAS ER ESS SONS 6 50 per cent. 

ADULT. (60-85 mill. long). 

Crustacea <Amphipoda;iete. 7. .. «cae oie ae 50 per cent. 
Insecta. Diptera ees sats Sey. ae ee oe 49 per cent. 
Moliiscase iGastropoda-.. cretpmmnca sa. ane eer 1 per cent. 

The data from which the above table was made is given 
below: (Collected in outlet at Brewerton, near Davison’s 
Landing, October 5 and 18, 1915, seined in shallow water.) 

No. 1. 85 mill. long. 

Crustacea. 1 Gammarus fasciatus .:.......... 15 per cent. 
2 Hyalella knickerbockeri ......... 10 per cent. 

15 Asellus aquaticus ...........:+.- 75 per cent. 

No. 2. 36 mill. Jong. 

Crustacea, (Cyclops vistrenwus 25... .5 2250s eee 50 per cent. 

Plants. HAUS 8 m5. folie. ene en eo aw Gusjendrevere aoe 50 per cent. 

No. 3. 60 mill. long. 

Mollisca sa AmnicolanlustTica, hse eee 2 per cent. 
Insecta. Chinonomidslatvee ace eee 98 per cent. 

The number of specimens examined is far too limited to 
permit of conclusions. The use of a large percentage of 
crustaceans together with the presence of Mollusca is the 
most notable feature. Regarding the use of the latter group 
of animals as food, it is interesting to read the observations 
of Jordan (1899, p. 29) who describes the food habits of 

i tet te 
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Boleosoma in an aquarium as follows: “ Crouching catlike 
before a snail-shell, he will snap off the horns which the 
unlucky owner pushes timidly out. But he is often less 
dainty, and seizing the animal by the head, he dashes the 
shell against the glass or a stone until he pulls the body out 
or breaks the shell.” The Oneida Lake specimens are, 
apparently, the first to definitely show a mollusk eating 
tendency of this darter. Much additional data is needed 
before our knowledge of the food of this species is adequate 
for generalization. 

* Roccus chrysops (Rafinesque). White Bass. 

Forbes (1880, a, p. 37) examined 11 specimens, 8 of 
which gave the food ratios shown below: 

Mnsectae (May-fiesi)s. <4. Ssps ate wits Pee ate te eh 69 per cent. 
Crecinces:, | Copepods))i)5.'.:./:5) 4 se.dieele sie elaara ss 8 per cent. 
Biscese (Simmishisiebes)ic acines.. vos Semis te re cies eae 20 per cent. 
Miscellaneous: ai. fils aceicude ©, 4 steieseun she cioe ae ee ae = 3 per cent. 

Bean (1905, p. 523) records minnows, crawfish and other 
fresh-water crustaceans, and also minute mollusks. 

A plodinotus grunniens (Rafinesque). White Perch; Sheeps- 
head ; Fresh Water Drum. 

The Sheepshead feeds largely on mollusks, its pavement- 
like teeth being especially adapted for crushing the shells 
of clams and large snails. This class of nindnials furnish 
the entire food of the adult. Five genera of mollusks have 
been noted (Forbes, 1888, b, pp. 512-513). 

Campeloma decisum, taken in October. 
Planorbis, taken in June. 
Spherium, taken in June and October. 
Unio, taken in June. 
Anodonta, taken in June. 

The food varies greatly with the age of the individual. 
Forbes (1880, a, pp. 64-65) examined 29 specimens of all 
ages and from his data the following tables are constructed: 
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INFANCY. 6 specimens examined. 

29 mill. long. 
Insecta. Charonomus larve ...3..025.-. 404 75 per cent. 

POUNGenid NAT VER) eee ae eee 25 per cent. 

50 mill. long. 

Insecta. Chironomus larve® ......5..2.00. 15 per cent. 
Palingenia larve ...............; 80 per cent. 
Hphemeridsy sii. 3c 2st ae eee 5 

Crustacea. Cyclops: i thn anet Sacer e Derneatts 

YOUTH. 50-100 mill. long, 4 specimens examined. 

Inseetas “Chironomus Varve i>. 0.3 ames. ae 5 per cent. 
Ephemerid nymphs ........../.... 47.5 per cent. 
Coleoptera, Gyrinide larve...... \ 

Hydrophilide larve . f 21 Petcare 

PrE ADULT. Medium sized, 16 individuals examined. 

Insecta. RONG Enis ClCIe sa - aac oe 76 per cent. 
Odonatainym pus, :. jee Score ae 8 per cent. 

Moliuseat!), Blawonbisss <.2a2ne de es tne 
; MOS NOVEM Ea eb eriacpas con < 

AMODONTC.) 7. o.6. cini-ie 6 = See 16 per cent. 
Crmistaced. pA SCM 2 <. ois-satece svetousteomaraendie 
Pisces. SUCK eK ars is 'epaerosisSesersra oer: 

ADULT. 3 specimens examined. 

Mollusca. Campeloma deciswm ............ 46 per cent. 
Spherium, Anodonta, fragments of 

Castropoda.pa. sess ites eee 54 per cent. 

Bean (1903, p. 592) says “this species is usually found 
on the bottom where it feeds chiefly on crustaceans and 
mollusks and sometimes small fishes. It is especially fond 
or crawfish and small shells such as Cyclas |Spherwum, 
Musculium or Pisidiwm| and Paludina [Campeloma]. Mr. 
Turpe mentions water plants as forming part of its food 
and states that it will take a hook baited with worms or small 
minnows.” . 

The food qualities of this fish are somewhat in doubt. 
Forbes and Richardson (1909, p. 324) say, “It becomes 
tough and strong with age, but is at its best when weighing 
from three-quarters of a pound to three pounds. The market 
catch of sheepshead from the Illinois River in 1899 was 
459,580 pounds.” Bean (1903, p. 592) says of its food 
qualities: ‘Some writers claim that its flesh is tough and 

_—_P_ =. ae 
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course with a disagreeable odor, specially in the Great 
Lakes. Individuals from the Ohio River and from: more 
southern streams are fairly good food fish, while in Texas 
Mr. Turpe considers it one of the most excellent of the fresh- 
water fishes, comparing favorably with black bass.’ 
There is reason to believe that this species would thrive in 

Oneida Lake. The molluscan genera Campeloma and 
Anodonta, principally used as food by the adult, are abund- 
ant in the lake and are not eaten, as far as known, by any 
other fish. The young, however, would enter into competi- 
tion with other young fishes for the chironomid and 
ephemerid larvee so largely eaten. The habitat conditions 
indicate favorable environments for these insect larvee and 
the introduction of this fish would probably not disturb to any 
extent the balance of the organisms. 

Lota maculosa (LeSueur). Burbot; Ling; Lawyer. 

Forbes (1888, a, p. 484) gives the food of the Ling as fol- 
lows, the opinion being based on the data furnished by 10 
adult examples : 

IDINGES AMOS ULY? PORGOdsrt tare. ve eee eeaie Beats oa eter ee 83 per cent. 
(CHAD ENCES (Os OU GUKS Mpls Cele oe OB cing cinbicin aamne 17 per cent: 

_One specimen collected in spring had eaten only of craw- 
fishes, Cambarus propinquus. A specimen from Oneida 
Lake, purchased in the Syracuse market, had eaten entirely 
of crawfishes (Cambarus). The data for this specimen (420 
mill. long) is as follows: 

Stomach... 

Crustacea. Cambarus, 4, 30 mill., 4, 20 mill. long... 100 per cent. 

7 Cambarus propinquus. 
. 1 Cambarus bartoni robustus. 

Intestine. 

Parasitic worms. 

Bi LAPE WORMS: ‘Soy: MANU ONS: 80s chee eye yas tinct 23 per cent.” 
GES AVVO UURR oe ch NN OTN Fae onc ee hepa < cas cr nch ages inseee 2 per cent. 
laewrorms 3) mills MonGeccMreantsc ciples eee ea ee 

Macerated matter, including fragments of crawfish. 
} 75 per cent. 
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B. EXAMINATION OF FISH FROM GREEN AND 

CRANBERRY LAKES. 

Fishes from two localities other than Oneida Lake have 
been available for study, Green Lake, east of Jamesville, on 
the Clark Reservation, and Cranberry Lake, Barber Point, 
Wanakena, in the Adirondacks. 

1. Green Laxn, East or Jamesvitie, N.Y. 

Green Lake. is interesting because of its geological history. 
It hes in a plunge basin formed at the time of the retreat of 
the great continental glacier, when an ice drainage stream 
plunged over the rocky walls, forming a river comparable to 
that of the present Niagara. The geological features of this 
region are well described and figured by Fairchild (1899, p. 
60; 1909, p. 31). The lake is situated southeast of Syracuse 
near Jamesville, covers an area at low water (summer) of 
3.3 acres and has a maximum depth of 62 feet. W. J. 
Endersbee and R. D. Adolph of the State College of Forestry 
have s‘udied the hydrography and the fish fauna. The fol- 
lowing mollusks were no‘ed during a short visit early in 
July, 1915: 
Planorbis campanulatus. Physa heterostropha. 
Planorbis antrosus. Physa@ gyrina. 
Galba obrussa exigua. Valvata tricarinata confusa. 

In a small pool at the subterranean outlet, which is a small 

stream, two species were noted, Physa gyrina, abundant, and 
Physa heterostropha, one specimen. On the hills surround- 
ing the lake seven land snails were collected. 

Polygyra albolaris. Pyramidula alternata. 
Polygyra thyroides. Omphalina fuliginosa. 
Polygyra tridentata. Omphalina imornata. 
Polygyra sayana, 

These species represent but a small fraction of the total 
number that undoubtedly inhabit this region. The hills 
about Syracuse seem especially favorable for the develop- 
ment of a large and varied land-snail fauna. 
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Two species of fish were examined, Chain Pickerel and 
Pumpkinseed, seven of the former and five of the latter. 
The data from these is indicated below: 

EHsox reticulatus (LeSueur). Chain Pickerel; Grass Pike. 

Nos. 1 to 4, 150 feet from shore, May 15, 1915; 
Nos. 5 to 7, southeast side of lake m 20 feet of water, 
May 4, 1915. The seven fish may be divided into two 
groups, 1 young 117 to 119 mill. long (about five inches) 
and 2 pre-adult 265 to 270 mill. long (nearly 11 inches). 
We find the ratios of these two groups to be as follows: 

Group 1. Young, 117-119 mill. long. All insects. 

Chironomid, larve: and. spupe.. =... --4 95.90 per cent. 
Warmnsel-fivemiym pls! spas =\cis0< ten oe eens 19.00 per cent. 
Mayetigg my mph, ¢ 23:25 -):.0F tpn trae cutats 9.75 per cent. 
Macerated! matter)... 2255 ose coe cto 15.75 per cent. 

Grour 2. Pre-adult, 265-270 mill. long. 

Chironomid lanves\ 40s) ASG? PN: Pees 20 per cent. 
Damnisel fy omy hsy oe 2 fcr anspor dees «oe sys .- 96.66 per cent. 
COMED GLUE? Fa 58 Shes iees siauchs crs ca d- ap sk toe eee 33.304 per cent. 
ISDE ten Ac). seed. cel Lee teins Be. «Pato 10.00 per cent. 

The change from insect to fish and crawfish is noteworthy. 
Comparing the pre-adult with fishes of the same size from 
Oneida Lake, we note that while the latter fed on crawfish to 

the extent of 75 per cent., those from Green Lake had used 
this class but 33.54 per cent. The large percentage of insect 
larvee (56.66 per cent.) used by the pre-adult of Green Lake 
is especially noteworthy. The data from the Green Lake fish 
is as follows: 

GROUP l. 

No. 4 (54). 119 mill long. 

Insecta. 8 chironomid larve ............. 30 per cent. 
4 damsel-fly nymphs (Hnallagma) 25 per cent. 
3 May-fly nymphs (Callibetis)... 20 per cent. 
Macerated matter 274.44): aaee 25 per cent. 

No. 5 (52). 119 mill. long. 

Stomach. 

Insecta. 4 damsel-fly nymphs (Enallagma) 40 per cent. 
15: chironomid: Jarve....-.5....- 
4 chironomid pupe ........... 60 per cent. 
2 Corethra@ larve. ... ..~ «1-12 steree 

Intestine packed with Odonata and chironomid fragments. 
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No. 6 (52). 117 mill. long. 

Imsectasr 1 adnilit, made@e 2% seer oe 
Alechixonomid: yan vices voeicnet eee etic: 50 per cent. 
Grchironomid puppeteer oe eee 
1 damsel-fly nymph (Hnallagma) 
7 May-fly nymphs (Callibetis). + 12 per cent. 
3 Ceenisiniynap Setter roel: 
Macerated material ............. 38 per cent. 

Nes ia(d2,) ee all anal sone: 

Stomach. 

a ; : 82 per cent. 
1O<chironomuds pupse tae eee ee I 
2 damsel-fly nymphs (Hnallagma) 9 per cent. 
2 May-fly nymphs (Callibetis).. 9 per cent. 

Intestine with fragments of chironomid larvee. 

GROUP 2. 

No. 1 (54). 270 mill. long. 

Stomach with fragments of Cambarus. 
Intestine. Crustacea, Cambarus, fragments 

with macerated matter....... 100 per cent. 
One round worm (nematode) was present in the intestine. 

No. 2 (54). 265 mill. long. 

Insecta. 4 damsel-fly larve (Hnallagma).. 60 per cent. 
2uchimonomiid yan veeea es epi -wereiee 40 per cent. 

No. 3 (54). 270 mill. long. Stomach. 

Insecta. 257 chironomid pupe (large).... 69 per cent. 
8 chironomid pupe (small).... 1 per cent. 

Pisces. Part of backbone of smali fish.... 380 per cent. 

Hupomotis gibbosus (Linn). Pumpkinseed ; Sunfish. 

Nos. 1 to 4, found along shore of lake, May 8, 1915; No. 
5, 150 feet from shore in 20 feet of water, May 4, 1915. 

No. 1 (53). 70 mill. long. Stomach. 

Insecta. 14 chironomid larve .......... 
2 J chimonomaid pup sey es eee . 
4 Chironomus pupe............ 65 per cent. 

No. 2 (53). 61 mill. long. 

Stomach and intestine empty. 

No. 3 (53). 68 mill. long. Stomach. 

Insecta. 44 chironomid larve ......... 
10 chironomid pupe ......... 

35 per cent. 

} 100 per cent. 

— a eee 
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No. 4 (53). 67 mill. long. 

Stomach empty. Intestine filled with fragments of chiro- 
nomid larve and May-fly nymphs. 

No. 5 (52). 150 mill. long. Stomach. 

Insecta. 150 chironomid larve ........ 
9 chironomid pupe ........ \ 100 per cent. 

Intestine with fragments of chironomid larve. 

2. ‘Cranperry Laxr, BarBer Point, Wanaxena, N. Y. 

Three species of fish were examined from this lake, 
Pumpkinseed, Horned Dace, and Miller’s Thumb. They 
were collected by Dr. C. C. Adams at the Sophomore Sum- 
mer Camp of the State College of Forestry situated on 
Sucker Brook. 

Hupomotis gibbosus (Linn). Pumpkinseed ; Sunfish. 

From Sucker Brook near its mouth, August 26, 1915. 
No. 1 (62). 100 mill. long. 

Crustacea. Asellus, fragments ............- 50 per cent. 
Plants. Alge and plant cells.......... 50 per cent. 

No. 2 (62). 90 mill. long. 

Cristaced. 2) Cyclopsees svc canlee o= eee ae 1 per cent. 
Insecta. 10 jcharonomid planvests2). 25732- 2ne 15 per cent. 

Adult midges, legs and wings.. 50 per cent. 
Plants. 1 NGO) oeAlcts Gino OSE Gone OS 34 per cent. 

No. 3 (62). 95 mill. long. 

Insecta. 25 chironomid larve.......:..... 40 per cent. 
Midge wings and legs (?)........ 40 per cent. 

LEEW Nat PENIS SRE CCEREG A ER ee ee 20 per cent. 

No. 4 (62). 95 mill. long. 

Insecta. 50 chironomid larve ............ 60 per cent. 
Midge legs, eyes and wings (?).... 30 per cent. 

Plantes, ) Aloe CUGSe 0 -kal ae Angee. erate eke _ 10 per cent. 

Comparing these stomachs with those of fishes from 
Oneida Lake and Cranberry Lake, we find the ratios to be: 

Oneida Lake Green Lake Cranberry Lake 

Fish 80-110 mill. long Fish 61-150 mill. long Fish 90-100 mill. long 

Mollusca 67.50 Pe dit 1, be th act 
Crustacea 16.50 ie: 1A 5) 
Insecta Sh. 100 BSD 
Bryozoa .25 Ts eas de OM 3 Cree 
Plants 15.00 ae 28.50 
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The large percentage of mollusks in the Oneida Lake sun- 
fish is noteworthy, as is also the large quantity of insects in 
those from Green Lake. The lack fof mollusks in the two 
smaller lakes is possibly due to the absence of this class of 
animals on their feeding grounds. 

Cottus wctalops (Rafinesque). Common Sculpin; Muller's 
Thumb. 

From Sucker Brook near its mouth, August 20, 1915. 

No. 1 (23). 100 mill. long. 

Food all digested. 

No. 2 (23). 90 mill. long. 

Nematoda. 1 round worm, 90 mill. long in stomach. 

. The above information is very unsatisfactory. Guill (1908, 
p- 108) says of the food of this group of fishes: “ The 
species are noted for voracity, and they are indiscriminate 
feeders. They are most active in search of food during the 
hours of darkness, as has been remarked by Fatio. Insects, 
worms, gammaroids and other small crustaceans, or the fry 
or even the small fishes of no inconsiderable size have been 
noted by Smitt and others as subjects of capture. They are 
even cannibalistic and do ‘not object to eating smaller 
brothers and sisters ’.’ 

Bean and Weed (1909, p. 458) examined 14 specimens of 
the Alaskan Fresh-water Seulpin (Cottus dispar) and found 
them to have eaten 39 salmon and 46 salmon eggs. One of 
these had eaten 7 salmon, 2 to 3 inches long. The presence 
of nematode worms was noted in 13 sculpins, in the intestine, 
body cavity or other parts of the body. As many as 53 
worms were found in one sculpin (a female) and as few as 
one, also in a female. 

Semotilus atromaculatus (Mitchill). Horned Dace; Creek 
Chub. 

From Sucker Brook near its mouth, August 23, 1915. 
No. 1 (38). 135 mill. long. 

Insecta. Fragments, mostly legs.......... 10 per cent. 
Macerated material {2.6.25 cmses meee 90 per cent. 

ee pe 
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No. 2 (38). 138 mill. long. 
Crustacea. Cambarus fragments, principally 

erro A teenie | pein eer 40 per cent. 
‘Mird-and! SInMee es teat anette w es osteo eee 40 per cent. 
Maceratedsmatertalys =). tae ste s218 aac ae oA 20 per cent. 

Forbes (1909, p. 123) examined 22 specimens. 25 per 
cent. of the food consisted of algze and miscellaneous vege- 
table debris: ‘ Four of these specimens had eaten little else 
than filamentous alge, and three had captured small fishes. 
Grasshoppers, caterpillars, ants, chrysomelid and scarabaeid 
beetles and various other terrestrial insects, together with 
Corisa, dipterous larvee, and other aquatic forms, were the 
insects represented, and three of our 22 specimens had eaten 
only crawfishes.” The food of this species is not recorded by 
Hankinson. 

C. REFERENCES IN LITERATURE TO FOOD OF 

NEW YORK FISHES. 

Several investigators working on aquatic problems in New 
York State, mention the presence of mollusks in the stomach 

contents of fish. These are noted below: 

Lepomis megalotis (Rafinesque). Long-Hared Sunfish. 

Needham (1901, p. 402) examined one specimen of this 
sunfish collected at Saranac Inn, Adirondacks, the molluscan 
content being upwards of 65 per cent. The data appears 
below. The higher percentage of mollusks is noteworthy, 
Forbes (1880, a, p. 53) finding but 16 per cent. in Illinois 
fishes. 

34 Physa heterostropha and Lymnaea (Galba) desidiosa, the largest 
being 1.5 mill. long. 

12 Larve of gnats (chironomids). 
1 Larve of Chauliodes, in fragments. 

Eupomotis gibbosus (Linnaeus). Puwmpkinseed. 

Needham (1908, a, p. 176) examined 25 sunfish, taken 
in a weed patch near the hatchery wharf at Old Forge pond, 
Adirondacks, July 10, 1915. Dividing these into three lots, 
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Needham found the food to vary with age in the manner 
that has already been described. It is evident that these sun- 
fishes had not quite reached the mollusk-eating stage. 

Group 1. Infancy. 18-25 mill. long. 8 specimens examined. 

Insecta. Midge larve. Abundant in 1. 
Crustacea, Copepoda, abundant in 7. 

Cladocera, 3 specimens in 3 fish, jragments in 
2 fish. 

Ostracoda, 1 specimen. 
Acarina. Water mites, 2 specimens in 2 fish. 

Group 2. Youth. 50 mill. long. 9 specimens examined. 

Insecta. Midge larve and pups, 24 in 8 fish. 
Caddis-fly larve, 1 in 1 fish. 
May-fly nymphs, 6 in 5 fish. 

Crustacea. Copepoda, abundant in all fish. 
Cladocera, 3 and fragments in 5 fish. 
Ostracoda, 1 in 1 fish. 

Acarina. Water mites, 5 in 4 fish. 
Mollusea. Snails (Lymnea), 4 in 4 fish. 

Grove 38. Young. 75 mill. long. 8 specimens examined. 

Insecta. Water strider, 1 in 1 fish. 
Beetles, 3 in 2 fish. 
Caddis-fly larvee, 4 in 2 fish. 
Midge larve, 12 in 6 fish. 
May-fly nymphs, 16 in 2 fish. 
Dragon-fly nymph, 1 in 1 fish. 

Crustacea. Copepoda, fragments in 1 fish. 
Cladocera, abundant in 1 fish. 

Mollusea. ‘Snails, 20 in 1 fish. 
Plants. Algee, fragments in 2 fish. 

Amewurus nebulosus (LeSueur). Common Bullhead. 

Needham (1908, a, p. 178) also examined 25 specimens 
of the Common Bullhead, caught July 10, 1905. All were 
adults, the smallest being about 8 inches in length. None 
were mollusk eaters. The results of these examinations is 
shown below: 

Pisces. Sunfish, 17 eaten by 14 bullheads. 
Horned Dace, 7 eaten by 4 bullheads. 
Unidentifiable fish, 3 eaten by 3 bullheads. 

Insecta. AEschnide nymphs, 6 eaten by 6 bullheads. 
Libellulide nymphs, 2 eaten by 2 bullheads. 
May-fly nymphs, 1 eaten by 1 bullhead. 

Crustacea. Crawfish, fragments eaten by 3 bullheads. 
Plants. Alge, eaten by 4 bullheads. 
Silt. In stomach of 4 bullheads. 

re 
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Percentages are not available, but it is evident that fishes, 
which had been eaten by all but one of the bullheads, formed 
the chief article of diet of this lot. Small sunfishes 2 to 3 
inches in length form the greater bulk of the food. Needham 
ealls attention to the fact that these bullheads were not bot- 
tom feeders, the food from such a habitat consisting only of 
a few legs of crawfish, the libellulid nymphs, only two of 
which were eaten, and the alge and silt which was probably 
purely accidental. It will be noted that Forbes examined 
36 specimens from several localities, finding the fish food to 
amount to 20 per cent. Needham says (1908, a, p. 175), 
speaking of the food habits shown by his examinations: 
“This certainly does not indicate the scavenger habits that 
have been very often ascribed to bullheads.” It is probable 
that the food habits very in the different localities. Those 
from Illinois and Michigan are largely bottom feeders, as 
shown by the stomach contents. The majority of the Oneida 
Lake specimens were young. One specimen about ‘five inches 
long had fed from the bottom. 

Chrosomus erythrogaster (Rafinesque). Red-Bellied Dace. 

Though not a mollusk eater it seems important to eall 
attention to the food of this species, which has been carefully 
worked out by Needham (1908, a, p. 183). Forbes (1909, 
p- 113) gives the food as consisting mainly of mud contain- 
ing alge, with an occasional trace of Entomostraca. This 
was based on the examination of three specimens. Need- 
ham (1908, a, p. 183) examined 92 specimens, caught in 
April, May and June. The results are thus summarized, 
and clearly indicate the value of studies made in one place 
at different seasons. In the quotation, the writer has 
arranged dates of capture (see Needham, 1908, p. 187). 

April 25. The table shows at a glance that practically all the food of 
lot 1 consisted of silt and alge. The explanation for this 
is that other food, such as midges and worms, was scarce 
so early in the year. Spring rains had not yet brought 
down the earthworms. 

May 1. About half of the food of lot 2 was silt and alge, while the 
other half was pup and adult midges 
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May 12. Only three out of 16 fishes of lot 3 contained midges, while 
all but “our contained earthworms and half of them con- 
tained a large amount of silt. 

May 21. Lot 4 shows a large number of adult midges of the genus 
Chironomus and many earthworms. And one of them con- 
tained a single large mass of Chironomus eggs, the only 
instance in which these were found. 

June 1. Lot 5 shows one adult Chironomus and earthworms 

June 6. And silt predominates in lot 6. 

“Out of 92 stomachs examined, 38 (41 per cent.) con- 
tained midges in one stage or another, 27 (20 per cent.) con- 
tained earthworms, 6 contained beetles, all adult beetles of 
non-aquatie habits, 3 contained entomostracans, 2 contained 
ants, and only 1 contained a May-fly nymph. This clearly 
shows that Chironomus was by far the most important 
food.” 

Perca flavescens (Mitehill). Yellow Perch. 

Smallwood (1914, p. 23) found Amnicola limosa abun- 

dant in the perch of East Pine Pond, Adirondacks. 

Salmo fario (Linn). Brown Trout. Introduced. 

Bean (1912, p. 334) states that this trout feeds “on 

insects and their larve, worms, mollusks and small fishes 

and, like its relative the Rainbow Trout, it is very fond of 
the eges of fishes.” 

Salmo trutta levenensis (Walker). Loch Leven Trout. 

Introduced. 

Said by Bean (1912, p. 338) to feed upon ‘“ fresh-water 
mollusks (snails, ete.) crustaceans, worms and small fish.” 

Salvelinus fontinalis (Mitehill). Brook Trout. 

Needham examined the stomachs of 25 Brook Trout (1901, 
p. 396; 1903, p. 205) from Bone Pond, Saranac Inn, finding 
the stomach contents to be as follows: 

ities 

oe ne 
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Insecta. Chironomus lave s-. - atis select te l= os 2462 
CRAMGNOMIAS HOU eitenns Sat xe Ae eS eth cas) oh 444 
WOnCERMUM Arve see ara fs 6 2 ake heel ere a a a's 64 
CorethTas Pups. a-t-kaiescrl ioe ier ee oe ee et 92 
rnichopters lary ceo elie: a cls at uss oe l= 10 
Ibera@ Oe WOES Gos how ao ob Oldie cope adne 4 
LEICHOPTCIMEASGS ate se tae ve cote cee 2 kale 77 
VE SCNMAD CONS ULUCU ate tea adie ele ee ds tee 2 
Galibgztish myn ery et baat eas hes ay) yk ey 7 
Miscellaneous material ................... 9 

GEnsuaced. Map nmi. ares co lelensilete ars exe a' wine oo me yep 250 

Acarina. JNU CRUST YUGS cco to dbice Sha. cmogeconionenee 8 

Mollusca. “bresh water mussels. ¥22)es-2-2--5.. >= - 1 

The value of the chironomids forming 82 per cent. of 
the food of this trout, is at once manifest. The mollusk, 
as well as some of the miscellaneous material, was doubtless 
picked up eee with the Chironomus larvee. 

Bean (1912, p. 203) speaking of fish food, says ‘* the best 
of all the foods for trout are insects, their larvie, small shells, 
erawfish, ete., which are found in eood trout streams. Cer- 
tain waters contain small crustaceans, including the so-called 
fresh-water shrimp, and many smaller forms which are excel- 
lent for trout. Important trout foods are snails, dragon-flies, 
May-flies and caddice flies. * * * The snails, of which 
the Planorbis is now most abundant in some lakes, are excel- 
lent food for trout. Mr. L. M. Deming, of Edmeston, N. Y., 
sent to the Commission, on May 25, 1911, a snail which 
forms an important part of the food of brook trout in a pond 
belonging to him. He writes that he caught trout from 914 
to 11 inches long on May 25. Their stomachs all contained 
bugs, insect lprvcand trom sto 1¢ coal =) = One 
of “the trout examined by him on May 25 had eaten 16 
snails, 1 June bug, 2 insect larvee — each about 1 inch long, 

with a hard shell (probably a eaddice fly larva), 1 hard shell 
and a lot of small flies and bugs.” The molluscan food ratio 
of this fish must have been as high as 10 per cent. The snail 
was identified as belonging to the genus Planorbts. In the 
N. Y. Conservation Report for 1912 (p. 269) the statement 
is also made, in speaking of the Brook Trout, that “a large 
part of its food consists of insects and their larvee, worms, 
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mollusks, and crustaceans.’’ In the table the mollusean food 
is placed at one per cent., as not enough data is at hand to 
provide a more definite ratio. 

Juday (1907, pp. 164-171) examined 394 trout stomachs 
representing six species, from ‘Twin Lakes, Colorado. The per- 
centage of molluscan food was .22. In two species the mol- 
lusecan content was 1 per cent., or more, viz.: Landlocked 
Salmon (Salmo sebago) of which one specimen contained 1 
per cent., and the Rainbow Trout (Salmo trideus shasta) in 
which one specimen contained 40 per cent. of molluscan food. 
The variation in the character of the food, both in the age 
of the fish and in the different localities, is well indicated. 

D. .THE PLANKTON. 

Reference has been made on previous pages to the plankton 
and its use especially by young fishes. The plankton is the 
floating population of the water and consists of alge, diatoms 
(plants), protozoans, rotifers, Entomostraca, Chironomus and 
a few other insect larvee, and other small animals. Among 
the plankton are such mollusks as Ancylus, Amnicola, and the 
smnall Planorbes (Planorbis parvus) which become loosened 

from plants and float in the water (Kofoid, 1908, p. 287). 
They may often be found gliding on the under side of the sur- 
face film of the water. 
Among the bivalves or peleeypods, the young or glochidia 

have been observed in the plankton and are perhaps some- 
times eaten, though more often they find lodgement in the 
gills or on the fins where they carry on a stage of their 
development. The glochidia of three species were observed 
in the plankton of the Illinois River by Kofoid (pp. 
287-288) as noted below: 
Anodonta carpulenta. Observed in October—April and November— 

March. 
Lampsilis anodontoides. Observed in September—December and June- 

Cee confragosus? Observed in December. Identification doubtful. 

It is unusual, it would seem, for any amount of glochidia 
to form a part of the plankton, because when discharged 
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from the adult gill-marsupia they quickly fall to the bottom, 
to await the passing of some bottom inhabiting fish. Their 
occurrence in the plankton is probably quite accidental. The 
plankton of Oneida Lake has not been examined. During 
September, 1915, the alga Rwularia was so abundant as to 
cloud the water and form a dense surface layer making obser- 
vations quite out of the question even with a water telescope, 
the plankton extending to the bottom in shallow water. The 
wind shifted it from shore to shore and studies had to be con- 
ducted on the shore from which the wind was blowing. 

E. SUMMARY. 

In the foregoing pages 54 species of fish have been reviewed 
as to their food habits; 46 are more or less mollusk-eaters. 
In Table No, 11 all of our fresh-water mollusk-eating fishes 
are listed together with all of the mollusks eaten. At the 
foot of the table the percentages together with the number of 
mollusean species eaten by one species of fish are given. The 
variation in percentages is noteworthy, being from one per 
cent (Brook Trout) to 100 per cent. (Sheepshead). In 11 
species (noted in column by a ¢) the percentages of molluscan 
food eaten is not given, and these might affect the total 
average a trifle. These are estimated at one per cent. The 
average for the 35 ratios ts 23.97 per cent. Among these 
may be noted Sheepshead, 100 per cent., Lake Sturgeon and 
Spotted Sucker, upwards of 90 per cent., Common Red-Horse, 
62 per cent., Pumpkinseed, 51 per cent., Short-headed Red- 
Horse, 50 per cent., Common Sucker, 30 per cent., Whitefish, 
26 per cent., Common Bullhead, 20 per cent., and Golden 
Shiner, 19 per cent. In five species the molluscan ratio falls 
to one per cent. It is to be noted that the majority of the 
species listed in Table No. 11 are bottom feeders, which 
accounts in a measure, for the large ratio of mollusks in their 
food. As has been stated elsewhere in this report, many 
of the species of fish have especially modified mouths pro- 
vided with crushing apparatus of greater or less complexity 
which indicates a mollusean diet. 
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The number of molluscan species eaten by a species of fish 
is noteworthy; thus, the Pumpkinseed is known to eat 18 
species, Whitefish 17, Yellow Perch 8, Common Red-Horse 
10, Common Bullhead 11, and Channel-cat 8 species. 
Upwards of 40 species of mollusks are now known to be 
used as food by fishes, and this number will doubtless be 
largely increased with further investigation. In the light of 
our present knowledge the relative importance in descending 
order, of the different molluscan genera as food for mollusk- 
eating fish stands as follows: Pisediwm, Spherwum, Amnicola, 
Valvata, Physa, Planorbis, Galba, Bythinia, and Musculiwm. 
There is need for greater accuracy in the determination of 
the molluscan contents in the food of fishes, many authors 
being content with simply reporting Mollusca, Gastropoda, 
snails, bivalves, or simply the genus, as Planorbis, Valvata, 
Amnicola, Vurpara, ete. As the fishes discriminate as to 
species among these genera, it 1s of importance to know pre- 
cisely what species or even race is represented. 

Foop anp Game Fisures Frrprina Upon Mo.uusks. 

In Table No. 12 are listed (after Forbes and Richard- 
son, 1909, p. CXIX) in the order of their importance, 
economically, the food and game fishes of New York, 25 in 
number, that feed upon mollusks. This list includes a 
majority of this class of fish and illustrates graphically the 
importance of the mollusks (shellfish) as a source of food 
supply. Among the fishes of the first class the mollusean food 
is 19 per cent. and of the second class it is 28 per cent. In 
some cases, as in the Round Whitefish and the White Bass, 
the percentage has not been stated, although known to be 
large. In the third class the total percentage is over 50 per 
cent. and in the fourth class is upwards of 29 per cent. The 
average per cent. for the 25 species is 31.50, or about one- 
third of the food. 
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TABLE NO. 12 NEW YORK FOOD AND GAME FISHES THAT FEED 

ON MOLLUSKS. 

First Crass. Sreconp Ciass. Tuirp Crass. Fourtu Cirass. 

Fish. % | Fish. % Fish. % Fish. % 

Whitefish... 26 | Round Whitefish. 26 | Lake Sturgeon.... 90 | Dogfish......... 25 
Channel-cat. 15 | Red-mouth Buf- | Common Red-horse 62 | Toothed Herring 1 
Blue gill.... 16 1: Coa ren eae 3 | Short-headed Red- Gizzard-shad... 1 

| Round Buffalo. 12 HOVSE Sai eo et 50 | Spotted Sucker... 90 
| Small-mouth Buf- Yellow Bullhead... 5 | Common Sucker. 30 

falozaaseeinne 30 | Common Bullhead. 20 
European Carp... 15 | Black Bullhead.... 20 

| Long-eared Sun- Sheepshead....... 100 
fisheries 2 16 | 

Pumpkinseed.. 51 
Yellow Perch.. 8 
White Bass...... | 
White Perch..... 90 

Average.... 19 | Average......... 28 | Average.......... 5O) | Awerare....5 se. 29 
| | 

Foop anp Game Fisn Tuat Frerp Upon Mo3tuvusKk-Eatine 

Fisu. 

Some of our most valued food and game fishes feed upon 
other fishes which of themselves may be of little or no im- 
portance as food, but which become of great importance 
when they are considered as food for these fishes. The mol- 
lusks eaten by these animals thus become of food value, 
second only to the larger fish. The more important of these 
relations are shown in the subjoined table, No. 13. 

The six fish listed in the first column are among the most 
valued of the game fishes. The mollusks form about 15 per 
cent. of the food of the fishes eaten by these game fish. In 
addition to fishes, these and other food and game fish feed 
upon dragon-fly nymphs, frogs and other batrachians which 
are to a greater or less degree feeders upon snails. These 
animals are discussed in this relation in the chapter on the 
Enemies of Mollusks. 
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TABLE NO. 13. FISH-EATING FOOD AND GAME FISHES. 

Per cent. of 
Foop anp GAME Fisn. Fish eaten. molluscan 

food. 

Pickerel, Hsox lucius. Buffalo, Ictiobus bubalus. 30 
Carp, Cyprinus carpio. 15 
Gizzard-shad, Dorosoma. 1 
Suckers, Catostomide. 23 
Carp-minnows, Cyprinide. 2to 15 
Mooneye, Hiodon. Varying. 

*QLarge-mouth Black Bass. 
Micropterus salmoides. Common Perch, Perca flavescens. 8 

Gizzard-shad, Dorosoma. 1 
Catfishes, Siluridee. 05) 
Log-perch, Percina caprodes. 1 

*Small-mouth Black Bass. Carp-minnows, Cyprinide. 2 to 15 
Micropterus dolomieu. 

Sand-pike, Stizostedion canadense White Perch, A plodinotus grunniens. 100 
griseum. Gizzard-shad, Dorosoma. 1 

Catfishes, Siluride. 5 15 

Wall-eyed Pike, Stizostedion vitreum. Carp-minnows, Cyprinidx. | 2to 15 
Gizzard-shad, Dorosoma. 

Great-lake Trout. 
Cristivomer namycush. Whitefish, Coregonus. 26 

* These fish are known to eat a small ratio of mussels. 

ONEIDA LAKE MOLLUSK-EATING FISH. 

Of the fourteen species of fishes from Oneida Lake which 
have been examined as to their food, eight are mollusk-eaters, 
the ratios running from 1 to 66 per cent. The Pumpkin- 
seed shows the largest ratio eaten, even in the juvenile stage. 
The relations of the mollusks to the fishes are shown in Table 
No. 14. This table is quite inconclusive because only a small 
percentage of Oneida Lake fish (14) have been examined 
and more specimens of those examined should be studied as to 
their food habits. In the previous tables (12 and 13) it has 
been shown that the mollusks form 31.50 per cent. or about 
one-third of the food of 25 food and game fishes of New 
York and, indirectly, 15 per cent., or about one-sixth of the 
food of six important fish-eating food and game fish. Of the 
158 species of fish inhabiting the fresh waters of New York 
State 30, or about one-fifth, are eaters of mollusks. 
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It is of interest to compare the detailed studies made upon 
New York fish with those made by Forbes (1876-1887) on 
the fish of Illinois waters. The latter examined 1,221 speci- 
mens of 87 species, of which 914 were adult and 307 were 
young. Of the 87 species, 39 were mollusk-eaters, more or 
less, or nearly one-half. Needham has examined 168 speci- 
mens of 5 species of New York fish, mostly from the Adiron- 
dack region. In the present paper 130 specimens of 16 
species are reported upon. Careful studies have been made, 
therefore, on 298 specimens, of 19 species, of New York fish. 

TABLE NO. 14. ONEIDA LAKE MOLLUSK-EATING FISH. 

1 | AS 
|S | : = OF 

B | © | | Sed ors: 
KAP ee He ; @ fas} | 3 

SIS/Slslelzlals 
gi |e |e were heen |e ee Ia) fies 

Mo..usks. Te ees jalo|/H| ils 
rat Wine Came [ieiuleag | Sy) | eviien 
aoe) | MST | es Se ete oOo} 8 a | & a} iS j= | > 

Sil eis lige || Sa tal 
g|s | as] gies |e | aric 
BO re NON et sn 
OlOl/OlR lH lala le 

PA TUEGOLONLUSENTCG ne lo) 6 5s ite tise: Ee >: eal | eee x lil x 
PAUMINACOLGULUMOSG: «2.02. 2 oes ae oh wis oes eee | ee 
ESERUNTOMETLACTLGLG 21> 20st ates Gey Aas ee Satta co ll 
MVGCUDOLOALTUCOMINALG..%.. S52 & use ehene eee 5a Saree eae lose 
Valvata bicarinata normalis.............. Ses al ase eee (ees 
Planorbis campanulatus................. ei = Bla. oe eR a ee eae ene 
MAULTLOV OTS (GMAT OSUS: oo. Goce cos te ecieee me oe as eh | ae i Go pie (i A oe 
TZAMOGOULSIRUTSULUSss.1opsoe 2 a ek [ieee Ae 2 Th bles, Mal Ree a te 
JURA TTD FOL POU eee ods Bente ateoceee Chart EGE ete) se 2: Sahel a) eee 
PE VEIUORDUS CLACUOUS. ne. sons beh ene oe ns Saree eee ep age lee ea cere | aces |e eee 
Physa ancillaria warreniana............. SAA P-Solheo SM lc aa leh l honey alee |. Ses 
BALE T USED QT CULELUS 21 tei.) ok tee hee ae BEI ee ake | es pte |e fenton eee (275 < 
RLM CISCODIUM : «icc. 3...5 = s Somin oe ees Feet | Sef soll e> oad tet | ate R91] eae 
LESEOUTE SOE CES Ca ee OE NG ae Nhe Pecan. 5 IPERS: ls verse cpa tees [Petes 
Pisidium henslowanum.................. x Ekle oe 
TUSCULIUND SECUTIS = oe .-+- 2 sees aodek x me ke oe 
Spherium vermontanum...............-. eal Brae. x lh eee 

Species used by fish. 055. 22. Go (hel ee eae ee ae 1 
Ratio of mollusean food............ 30) |, LO 665100} at 1 

| 
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Not enough field work has been done or stomach examina- 
tions made to furnish the quantity of data necessary to sum- 
marize the relation of the mollusks to the fish fauna of Oneida 
Lake. We should expect that there was an intimate relation- 
ship between the conditions favorable for molluscan hfe and 
the food of the fish, and from a knowledge of the biology of 
the lake one should be able to predict, within reasonable 
limits, the food of a certain kind of fish in a given habitat. 
This correlation between the mollusk, the fish, and the 
environment is interesting, and a knowledge of it 1s 1mport- 
ant from the standpoint of fish culture. An attempt is made 
in Table No. 15 to show the correlation expressed by four 
species of Oneida Lake fishes and the Mollusca found on 
their feeding grounds. 
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SupPpLEMENTARY Norte. 

Since the paper was completed, Prof. M. W. Blackman has 
called my attention to a paper on the food of fish by A. S. 
Pearse (1915. On the Food of the Small Shore Fishes in 
the Waters near Madison, Wisconsin. Bull. Wis. Nat. Hist. 

Society, XIII, No. 1, pp. 7-22). Upwards of 403 speci- 
mens were examined representing 17 species, of which seven 
were young of larger species (black bass, rock bass, ete.) and 
the others included young and adult of small fishes (min- 
nows, brook silversides, etc.). Three species were observed 
to feed upon Mollusca. One fish, the stickleback, is appar- 
‘ently here first recorded as using mollusks for food, increas- 
ing the number of mollusk-eating fishes, discussed in this 
present paper, to 47. The ratios of molluscan food for the 
three species is indicated below. 

Umbra lima (Kirtland), Mud Minnow. Pearse (p. 19) 
examined 60 specimens ranging in size from 30.4 to 105 
mill., and found Mollusea (Planorbis and Spheervum ) to 
make up .9 per cent. of the total food. In ten specimens 
from one habitat these genera made up 2.5 per cent. 

Fundulus diaphanus menona Jordan and Copeland (Top 
Minnow). Pearse (p. 16) examined 49 specimens ranging 
in size from 28.2 to 37 mill., and found Mollusca (Plan- 
orbis) to comprise .1 per cent. of the food. 

Hucalia inconstans (Kirtland), Brook Stickleback. Pearse 

(p. 19) examined 50 specimens ranging in size from 28.4 to 
58.7 mill., the Mollusea forming 6.4 per cent. of the food, 
the genera present being Physa, Planorbis and Sphevriwm. 
Forbes (1883, a, p- 68) gives the animal food of five speci- 
mens as about equally divided between insects and 
crustaceans. . 

et 
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CHAPTER V. MOLLUSKS AS PARASITES OF FISH. 

The intimate relation between the Naiades or fresh-water 
clams and fishes has but recently been given adequate scien- 
tific study. Ortmann, Lefevre, Curtis, Isely, Howard, 
Surber and others have placed the study of this interrelation 
‘upon a sound basis. The work accomplished at the United 
States Biological Laboratory at Fairport, lowa, has greatly 
increased our knowledge on the subject of the development of 
the fresh water clams and the studies carried on there have to 
a degree solved the problem of the rehabilitation of the 
depleted clam beds, so necessary as raw material for the mak- 
ing of pearl buttons, one of the principal industries of many 
cities and towns on the Mississippi River. The results 
obtained at Fairport illustrate forcibly the value of attacking 
these economic problems by scientific methods. 

The young of clams, known as glochidia, have long been 
recognized as parasites on the external parts of fishes, but 
their true relation to the fish, and to the mollusk, was not 
known for many years, and it is but recently that they have 
been studied in an analytical manner. To understand their 
true significance one must follow the development or meta- 
morphosis of a clam from the time the eggs are fertilized until 
the young clams are ready to begin an independent existence. 

Metamorphosis of Fresh-water Mussels. 

The metamorphosis or development of the fresh-water mus- 
sles or clams is quite as wonderful and as interesting as that 
of the butterfly or beetle and also quite as complicated. In 
the female clam one or both pairs of gills are modified to form 
marsupia or brood pouches into which the eggs are carried 
soon after being fertlized by the sperm which is taken in with 
the water through the inhalent or upper siphon. After a 
period of development the eggs become purse-shaped and the 
gills are swollen and distended by the mass of embryos pres- 
ent (Lefevre and Curtis, 1910, plates VI, VI, VIII). After 
the lapse of time, the length varying in different groups of 
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clams, the young glochidia are discharged into the water and 
fall to the bottom where they le with their two shell valves 
widely open. Unless the proper host, which is nearly always 
a fish, comes along, they die. The next stage is passed as a 
parasite on some part — gills, fin or tail — of a fish. On their 
host they become encysted by an outgrowth of the skin of the 
fish which entirely covers the mussel embryo. After the 
lapse of a certain time (varying from 9 to 74 days in dif- 
ferent species) the embryo, having completed its transforma- 
tion, breaks the cyst and falls to the bottom a perfect young 
mussel though still very small. There are therefore four dis- 
tinct stages in the growth of a mussel: 1, fertilized egg; 2, 
elochidium in marsupium of clam; 3, parasitic stage encysted 
in fish or a Salamander; 4, post-glochidian development with 
fully formed shell. Subsequent growth is principally in size. 
(Lefevre and Curtis, 1910, b; Howard, 1914.) 
A single species, Strophitus edentulus, is known to develop 

without parasitism (Lefevre, 1911, p. 863; 1912, p. 171), 

elochidial development taking place in a cord in the gill which 
forms a sort of placenta or nutritive body. Both Strophitus 
edentulus and S. undulatus live in Oneida Lake or its 
tributary creeks. 

Unless the young mussel falls in a favorable locality on the 
bottom of the lake or str eam, it will not long survive. Young 
mussels less than 20-25 millimeters in size are seldom 
observed. Those described by Isely (1911) were found 
attached to rocks and pebbles by a byssus or thread. They 
were from 2.9 to 22.5 millimeters in length. The collec 
tions from Oneida Lake contained a few young mussels from 
like situations, as noted below: 

Anodonta cataracta, 9 mill. long. Sandy and bouldery bottom, 2 feet 
water (station XXI, 3, B. field No. 247). 

Alasmidonta undulata, 6 mill. long. Debris on sandy bottom, 20 in. 
water (station XXXI, 1, C. field No. 217). 

The almost universal habitat for mussels, a sandy, stony 
or bouldery shore, is good evidence that these places are the 
best adapted to the needs of the young mussels, and here they 
have remained and formed the mussel beds, where the 
environment provided the optimum conditions for successful 
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growth, a stony or sandy bottom subject to wave action for 
the aeration of the water. As Isely so aptly remarks (1911, 
p. 79) * This kind of environment gives a constant supply of 
oxygen and suflicient food; is free from shifting sand and 
silt accumulation. Those mussels that drop from the fish 
in these favorable situations develop in large numbers, while 
the less fortunate, that drop in shifting sand and silt, die 
early.” 

Two major types of glochidia occur, one with a simple 
rounded shell, the other with a toothed or hooked shell. A 

third type, with modified hooks, called the axe-head type, is’ 
known but is confined to a few species. (See Lefevre and 
Curtis, 1912, plate VIII.) The importance of these types 
is recognized when we learn that the hooked type attach 
themselves to the fins and external parts of fishes while the 
hookless type become encysted upon the gill filaments. Of 
the Oneida Lake clams the following genera represent the 
two types. 

Hooked. Hookless. 

Anodonta. Lampsilis. 
Strophitus. Elliptio. 

It has been quite conclusively demonstrated (Lefevre and 
Curtis, 1912, p. 153) that the fixation of the hookless type 
of glochidium upon the delicate gill membrane is induced 
chemically by the fluid excluded from the gill, which is 
irritated by the shells of the glochidia taken in through the 
mouth or gill cavity. 

It has also been ascertained that there is a long and short 
period of gravidity or reproduction. Of these breeding 
stages in the long period the eggs are fertilized from the 
middle of July to the middle of August, and the glochidia 
are carried in the marsupium until the following spring or 
early summer. In the short period the entire breeding season 
is confined to about four months, extending from the end of 
April to the middle of August, and the glochidia are dis- 
charged as soon as they are fully developed. The clams of 
Oneida Lake represent both long and short periods ( Winter 
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and Summer breeders) as noted below. The * indicates that 
the species was observed to be gravid in September. 

Long breeding period. Short breeding period. 

Alasmidonta undulata. Elliptio complanatus. 
“Anodonta cataracta. Margaritana margaritifera. 
“Anodonta implicata. 
Anodonta grandis footiana. 
Anodonta marginata. 

*“Lampsilis luteola. 
“Lampsilis radiata. 
*“Lampsilis borealis. 
Lampsilis iris. 
Strophitus edentulus:~ ° 
Strophitus undulatus. 

Fishes acting as Hosts for Mussel Glochidia. 

Among the fishes inhabiting the inland lakes and streams 
there are but a small number which are known to be especially 
susceptible to glochidial infection. Some of these of special 
interest in connection with Oneida Lake, are fetes below. 
(Howard, 1914, p. 34.) Those marked with an * are Oneida 
Lake fish. 

Crappie 
*Green sunfish 
Bluegill 

*Strawberry bass 
Red-spotted sunfish 
*White bass Roccus chrysops) . 
*Catfish Ameiurus natalis) . 

(Pomoais annularis) . 

(. 
( 
( 
( 
( 
( 

“Yellow perch (Perca flavescens) . 

( 
( 
( 
( 
( 
( 
( 

Apomotis cyanellus) . 
Lepomis pallidus) . 
Pomoxis sparoides) . 
Lepomis humilis). 

*Large-mouth black bass Micropterus salmoides). 
“Rock bass Ambloplites rupestris) . 
Yellow catfish Leptops olivaris). 
Spotted catfish Ictalurus punctatus) . 
Sauger: Sand-pike Stizostedion canadense) . 
Skipjack Pomolobus chrysocharis) . 
Sheepshead Aplodinotus grunniens) . 

Hankinson (1908, p. 235) observed glochidia of Anodonta 
grandis footiana on Johnny Darters (Boleosoma nigrum) in . 
April and May in Walnut Lake, Michigan. Anodonta 
cataracta has been found on the anal and caudal fins of the 
Pumpkinseed (Hupomotis gibbosus) caught in a pond near 
Westville, N. J., February 25, 1905 (Conner, 1905, p. 142). 
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No glochidia were observed on the fish examined from Oneida 
Lake. The presence of a large naiad fauna indicates beyond 
doubt that large numbers of fishes are infected in the manner 
mentioned. Young Naiades (post glochidian) are rarely 
eaten by fishes. Forbes (1880, b, p. 481) noted them only 
in three sunfishes, a brook silversides, and a perch. The 

effect of glochidial infection on the general health of the fish 
has not been stated, as far as known to the writer. 
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CHAPTER VI. ENEMIES OF FRESH-WATER 

MOLLUSKS. 

Since the Mollusca are an important element in the food 
of fish it is of importance to know how they can be pro- 
tected and increased in number. ‘The first step is to know 
their enemies. A large number of animals prey upon mol- 
lusks, using them as food. These animals come into com- 
petition with the mollusk-eating fishes, causing a heavy drain 
on this source of supply. ‘This is compensated for, in a 
measure, by the fact that many fishes live on certain of these 
animals (dragon-fly nymphs, batrachians, ete.), thereby 
receiving the benefit of the mollusks, though secondarily. The 
mollusks are also preyed upon by certain parasites which may, 
in a measure, affect the life of these animals. Some of these 
parasites may occupy the mollusk as a secondary host, com- 
pleting their life cycle in fishes, birds, or other animals. 

While collecting the data embodied in this section, the 
fact has stood out clearly that carefully prepared informa- 
tion on this subject is sadly lacking. In the case of the 
molluscan food of the Reptilia and Amphibia, the records of 
this class of animals from stomach contents are far from 
being as accurate and precise as could be wished. In most 
eases the record is only “clams” or “snails.” It would 
seem of enough importance to have this important class of 
animals more carefully identified. We are aware, of course, 
that such attention to detail consumes much time, but the 
value of the information warrants it. 

1. Prepatrory Insect Enemies. 

Needham and Hart (1901, pp. 17, 47) record the pres- 
ence of mollusks in the digestive system of the nymphs of 
dragon-flies (Odonata). These are as follows: 

Epicordulia, lives in the deeper waters, as the bottom of 
small lakes, where it finds principally a mollusean diet, 
including Amnicola and Physa. 

ee 
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Anax junius Drury. Thirteen specimens of this species 
had eaten the percentages of food shown below: 

Wialieseahn (ANN LCOLG:)) mio. Pettn he aries og op of yah ves sai ets 15 per cent. 
NM MET Tere vere Alsiaa ote eS h Merete «StS os mayer ti sens eyes 11 per cent. 
Crustacea (amphipods, nearly all Allorchestes dentata).. 11 per cent. 
LINSORUSL SB GkcS Coit Ae One Pi creo ctr 8 Ore bic case EME Sone pc ate 56 per cent. 

The nymphs were observed to attack crawfish three- 
quarters of an inch long. 

The vegetation-inhabiting species have a varied diet, 
which includes back swimmers (Votonecta), water-boatmen 

(Corsia), small crustaceans, such as Asellus and Allorchestes, 
thin-shelled mollusks, like Physa, coleopterous and dipterous 
larve, and the younger and weaker members of their own 
order. Anax junius has been known to eat young carp 
(Riley and Howard, 1888, p. 58) and Cordulegaster macu- 
latus young trout (Needham, 1901, p. 474). 

Nymphs of dragon-flies are largely eaten by some of the 
best game and food fishes. Forbes (1888, b, p. 485) found 

four species to feed on this diet, as indicated below: 

Crass pickerel ((Hsom vermicularis) .....-...- 55+ =: 25 per cent. 
Crapmem (LoMmoexistannuUlaris)). fysee ee cls Gite wales oi 10-15 per cent. 
Pirate perch (Aphredoderus sayanus)..........-.--. 10-13 per cent. 
Common perch (Perca flavescens):........0.2....5- 10-13 per cent. 

Needham (1901, p. 474) also records horse-fly larvee 
(Tabanide) as feeding on snails. The giant water bugs 
(Belostomide) feed upon young snails when young (Dim- 
mock, 1886, p. 71) and the Lesser Water Bug, Zarttha 
flumineum (Serverin, 1911, p. 103) occasionally uses mol- 
lusks as food; Weed (1889, p. 12) says, “ Univalve snails 
also occasionally contribute to the diet of this insatiable 
creature, as one was observed feeding upon a small snail 
with a spiral shell.” 

Dawson (1911, p. 14, after Tryon, 1882) says, “ The 

species of Perthostoma (Belostoma), an American aquatic 
hemipterous insect, eat large quantities of Lymnwa, Physa, 
and Planorbis, which they hold with the fore legs by folding 
between the thighs and tibize; even the larvee of this insect, 

8 
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shortly after escaping from the egg, will seize and devour 
one of these mollusks with as much ease as if schooled in the 
process a long time.” 

Cooke (1895, p. 59) cites a case of a Dytiscus in an 
aquarium which killed and devoured seven Lymnea stagnalis 
in the course of an afternoon. These beetles also ate 
Lymnea peregra, but seemed to prefer stagnalis, for when 
equal quantities of both species were placed in the aquarium, 
they chose the later species first (Baker, 1911, p. 44). It 
is probable that many of the large aquatic beetles, as well 
as their larvee, prey upon fresh-water snails. 

2. CRAWFISHUES AS ENEMIES OF MOLLUSKS. 

Crawfishes are described by most authors as omnivozous 
in their food habits, eating both plant and animal material 
as well as carrion. Forbes in his food table (1914, plate 1) 
indicates that they feed upon the Mollusca but no specific 
records of their use in the native state have been seen. Ort- 
mann (1906, p. 495) states that ‘‘any vegetable or animal 
matter, either fresh, or decaying, serves as food for craw- 
fishes, and although some species may prefer certain classes 
of food on acount of taste or necessity, they all take readily 
to any kind, as is seen by the fact that in captivity they eat 
everything that is offered to them without discrimination. 
If nothing is given, they eat one another.” In captivity 
crawfishes are fed a variety of food material. Andrews 
(1906, p. 297) states that ‘ In the spring they generally take 
food eagerly; eggs, meat, worms, potato, bread, crayfish 
flesh, mollusks, Chara and other aquatic water plants and 
algw, in fact most kinds of soft organic matter will often 

be consumed.” Chidester (1908, p. 712) states that ‘“ Raw 
and cooked meat of all kinds, worms, dead fish, pieces of 
clam, moulting crawfish, and dead crawfish were eaten by the 
crawtish in confinement.” It is probable that this group of 
Crustacea eats largely of mollusks, clams and snails. Studies 
of stomach contents would be of great value in solving this 
problem. ; 
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© 3. Lrrcurs as Enemirs or Motrtuusks. 

Mollusks form a large part of the diet of leeches and 
these in turn are eaten by many fish. Moore (1901, 1912) 
records upward of eight species as subsisting to a greater or 
less degree upon fresh-water mollusks. These species are 
listed below with the page reference to their description in 
the work cited. 

Glossiphonia complanata (Linn). Johnston. 

Feeds chiefly on small snails and annelids. Pages 493 
(1901), 83 (1912). | 
Glossiphonia stagnalis (Linnaeus). Johnston. 

Favorite food small annelids and gastropods (1901, p. 
498). Kats small annelids, insect larvae, snails, Pisidiwm 
and its allies, and dead bodies. Food of sunfish, perch, 
and other carnivorous fishes. Also eaten by snipe and sand- 
pipers (1912, p. 79). 

Glossiphonia nepheloidea (Graf). 

Will eat snails and worms but prefers to suck blood (1912, 
Bei). 

Glossiphonia fusca Castle. 

Attaches itself to shells of the larger species of Lymncea 
(1912, p. 81). 
Heamopis marmoratis (Say). 

Feeds on gastropods and lamellibranchs (1901, p. 527). 

Hemopis grandis (Verrill). 

Feeds on snails (1912, p. 120). 

Placobdella montifera Moore. 

Enters shells of living mussels, though it is not known 
definitely that it feeds on their soft tissues (1912, p. 89; 
1901, p. 504). 

Nephelopsis obscura Verrill. 
Feeds on snails (1912, p. 125). 
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4, Prepacrous MoLuvsks. 

Lymnea stagnalis lillianew Baker. Lallian’s Pond-snail. 

In the previous pages reference has been made to the 
use of Planorbis campanulatus by this snail as food. No 
other records have been observed, excepting that of Cooke 
(1895, p. 34) who remarks that Lymnea stagnalis feeds on 
Dytiscus larvee, snails and minnows. Other Lymnzeas possi- 
bly eat mollusks to some extent. 

5. AMPHIBIAN ENEMIES oF MoLuusks. 

Aquatic amphibians, frogs, newts and salamanders, feed 
to a greater or less degree upon mollusks. Some of the 
records are very satisfactory as regards detail, but others are 
very general. 

Rana catesbiana Shaw. Bullfrog. 

Needham (1901, p. 401) records the food of one adult 
bullfrog to be 7 full grown snails, Physa heterostropha, 7 in- 
sects, I small bullfrog tadpole, 1 entomostracan. Expressed 
in percentages, the molluscan content amounts to about 40 

per cent. Hay (1892, p. 479) gives the food as crawfish, 
insects, worms, small fish, snails, mice, and its own species. 

Two specimens, collected on the shore of Oneida Lake, 
October 9, 1914, were dissected, but no mollusks were found 
in their stomachs. The data for these appears below (field 
No. 4): 

No. 1. Stomach filled with small seeds of plants. 

No. 2. Stomach contents. 

Repbilia. | 2ortion on a snakerre. 4h eeee ade 75 per cent. 
Plants. Fragments of leaves and stems...... 25 per cent. 

Rana pipiens Shreber. Leopard Frog. 

Drake (1914, page 263) gives the mollusean food of this 

common frog as 3 per cent. The stomachs of 209 frogs were 
examined and Mollusca-were found in 10 per cent. of the 
stomachs examined. Insects made up about 60 per cent of 
the total food. The mollusks identified were Zonites 
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arboreus (a land snail), Gontobasis informis, Galba humilis 
modicella, Physa heterostropha (all water snails), and some 
unidentifiable gastropods. 

Rana palustris Le Conte. Pickerel Frog. 

Ruthven (1912, p. 53) states that the food of this species 
consists of insects, small crustaceans and snails. 

Necturus maculosus Rafinesque. Mud Puppy, Water Dog. 

Hay (1892, p. 419) records the food of this animal as 
insects, worms, crustaceans, and mollusks. Surface (1913, 
p. 81) also reports the mollusks as affording a food supply. 

Amblystoma opacum (Gravenhorst). Marbled Salamander. 

Kats mollusks when two months old (Hay, 1892, p. 438). 

Amblystoma punctatum (Linnaeus). Spotted Salamander. 

Surface (1913, p. 89) records slugs and snails among the 
food of this species. 

Cryptobranchus alleghentensis (Daudin). Hellbender. 

Feeds on mussels, earthworms, crawfish, insects, fishes, ete. 
(Surface, 1913, p. 85). Smith (1907, p. 12) found nine 
out of twelve specimens had eaten crawfishes, only three 
having e: ten fishes. 

Diemictylus viridescens Rafinesque. Green Newt. 

Needham (1908, p. 162) says of this species, ‘‘ very com- 
mon in lily beds feeding exclusively on a small bivalve mol- 
Iusk that was common upon the pond bottom.” Ruthven 
(1912, p. 37) records water insects, small mollusks, worms, 
and tadpoles as the food of this newt. Hay (1892, p. 455 
gives the food as insects, tadpoles, worms, and mollusks. 
Gage (1891, p. 1093) gives the food as minute Crustacea, 
larvae, insects, snails and aquatic worms. 
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6. Reprmimn Enemies or Mouuvusks. 

These records are confined to the turtles, these reptiles 
appearing to be the only members of the class feeding upon 
fresh-water mollusks. 

Platypeltis muticus (LeSueur). Soft-shelled Turtle. 

Hay (1892, p. 552) suggests the food to probably consist 
of insects, fishes, water-snails, and similar small animals. 

Chelydra sepentina (Linnaeus). Snapping Turtle. 

Surface (1908, p. 129) examined 19 individuals of the 

Snapping Turtle, finding mollusks in the stomachs of seven. 
The mollusks are said to be snails (/elta), pond snails, and 
slugs. It would be of value to know just what species were 
represented. ‘The above statement is repeated by Ruthven 
(1912, p. 135). Surface (1908, p. 184) mentions Physa 
and Melantho (Campeloma) as occurring in the food. 

Kinosternon odoratum (Daudin). Musk Turtle. 

Surface records two out of four as eating snails (1908, 
_p. 138). They are also said to be scavengers and to eat dead 
mollusks among other things. 

Chrysemys picta (Schneider). Painted Turtle; Terrapm. 

Surface (1908, p. 150) records the molluscan food of this 
turtle as bivalves, pond snails, slugs, and land snails. 
Planorbis is mentioned as being one of the genera eaten. 
Twenty-three specimens of turtles had fed on mollusks. Sur- 
face also mentions Physa and Melantho (Campeloma) as 
occurring in the food of this turtle (op. cit. p. 184). The 
Western Painted Turtle (Chrysemys cinerea) is said by 
Ruthven (1912, p. 143) to feed on dead clams. 

Fifteen specimens of picta from Oneida Lake were 
studied, the data of which appears below. The material in- 
eluded both old and young. Nos. 1 to 9 were from Oneida 
Lake, caught in August, 1915; Nos. 10 to 15 were caught in 
a fyke net set at the mouth of Big Bay Creek, September 
4 to 7, 1915. 
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No. 1. 

No. 8. 

GRoUP 1. INFANCY, body 25 mill. long. 

Stomach (108). 

Harudimesd. leech) 4 mill ong: .5.........-...- 20 
IMSAChas  TOmlaAn ves. eecurra eaten tte eel es, ¢ , 

Bc adnle fica wae eemneaie. Co \ 20 
Intestine with fragments of insects. 

GROUP 2. YOUTH. 

Body 40 mill. long (108). 

Intestine contained mass o! partly digested material 
a few legs of insect larve. 

Body 60 mill. long (108). 

Stomach. 

Crustacea. 100 Hyalella knickerbockeri....... 60 
Insecta. 2 damsel-fly nymphs (Enallagma, ) 

2 Aanx junius, nymphs......... 0) 
2 chironomid Varyeete se. eels 2 
1 caddis-fly larva, fragment..... 

Wematoda. 4 round worms: G:j0a) suede n-- 2 - 10 
Plants. Small pieces of plant leaves...... 10 

Intestine, middle portion. 

Insecta. Wing cases of beetles............... 5 
Legs and fragments of insects....... 55 

Plants. Piece of leaf of tree, 8x5 mill...... 40 
Intestine, near anal end. 

per cent. 

per cent. 

including 

per cent. 

per cent. 

per cent. 
per cent. 

per cent. 
per cent. 
per cent. 

Fragments of insects, including legs and pieces of thorax. 

Body 41 mill. long (108). 

Stomach and intestine empty. 

Body 41 mill. long (108). 

Crustacea. 200 Hyalella knickerbockeri........ 45 
Mollusca. 3 Ancylus parallelus .............. 5 
Insecta. 

10 beetle larve (Cnemidotus)....... 
PL COP SURLOUG arn ac, eae ries a 

Ay AMV ee wars eterno coe er ee ee 
head of small wasp: ..3)0.42 2s: 
Cathbaetis nymphs... ....-:-- 
Gortsa.. dea Ps iste - es. ie ae 

Body 65 mill. long (108). 

Stomach empty. 
Intestine with 4 round worms (Nematoda). 

beetles (Hydrovatus pustulatus) . 
45 per 

9 
0 
6 

wine, -or midgen(fly) 2.25. .-4 she 
6 
] ) per 
2 
1 

per cent. 
per cent. 

r cent. 

r cent. 



No. 4. 

No. 10. 

INos Tul: 

No: 12. 

No. 13. 

- e 
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Body 45 mill. long (108). 

Stomach. 

Crustacea. 100 Hyalella knickerbockert....... 95 per cent. 
Insecta. Ze ChiIGOnomildelatcemesiee corer ioe : 

; : : 1 per cent. 
Uschironomid pups: yee tee 

Plants. Miscellaneous material ........... 4 per cent. 

Intestine with mass of digested matter in which were many legs 
and fragments of insects, probably Odonata. 

Body 63 mill. long (108). 

Stomach. 

Crustacea. 80 Hyalella knickerbockeri....... 50: per cent. 
Mollusca. 2 Ancylus parallelus .:.......... 5 per cent. 
Insecta. 220 donate tay hierarchies sear 5 per cent. 

O.Chironomids lamvse vor cherie ier 5 per cent. 
Insect legs and fragments......... 30 per cent. 

Plants. Algz and plant fragments........ 5 per cent. 
Intestine with fragments of insects, mostly legs. 
30dy 40 mill. long (108). 
Crustacea. 100 Hyalella knickerbockeri........ 75 per cent. 
Mollusca. =“lncylusparatlelisy as . see. 2 ose 1 per cent. 
Insecta. If SIOSOMINSNE, 5 Bola concen OO O.g oS 24 per cent. 

1 wing case of beetle. 
1 wing of dragon-fly. 
1 mutilated Hymenoptera. 

10 small beetles (Hydrovatus pustulatus) . 
1 beetle larva (Cnemidotus). 
2 chironomid larvee. 
1 chironomid pupe. 
1 nymph skin of Hemiptera (Plea striola). 

GROUP 3. ADULTS. 

Body 132 mill. long (114). 

Stomach and intestine empty. 

Body 120 mill. long (114). 

Stomach empty. 
Intestine, at anal end, packed with legs, wings and fragments 

of Odonata. 

Body 133 mill. long (114). 

Stomach. 2 round worms. 
Intestine, anal] end. 

Insecta. Odonata wings and legs......... 99 per cent. 
Mollusea. 1 Physa ancillaria warreniana, 3 

WOM MONE Sg Goma noon dooocs 1 per cent. 

Body 150 mill. long (114). 

Stomach and intestine empty. 
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No. 14. Body 154 mill. long (114). 

Stomach empty. Intestine with digested material, including 
some legs of insects. 

No. 15. Body 112 mill. long (114). 

Stomach empty. 

Intestine, anal end. 

Insecta. Legs and body segments of Odonata 
MYL LS wei cemetaats aoeees ae awa 98 per cent. 

Mollusea. Fragments of shells.............. 2 per cent. 

The three ages deseribed above may be summarized as 

follows: 

Groupe l. Infaney, 25 mill. long. 1 specimen examined. 

MUU GMD. = ays | Sikes .. chs peo eerrer Clete crater siar 20 per cent. 
ImSeeh ary wai stacl. = seth eiecd tgeto eels acy atch (a 80 per cent. 

Group 2. Youth, 40-63 mill. long. 8 specimens examined. 

@rusvaeeae=ts, AAs). SIs. Sear oe aeeetl ent = 65 per cent. 
TMS SC ai acy Ace = cbevsden: shee tsus gay teasbole ape easel 27 per cent. 
INIGTame OG Ee eA oe iees, Pace ical uals fo og 2 per cent. 
VUOUUIS Cate <i. att SRS ots ce taht oy Ma rede et eed ene 2 per cent. 
Pas! . oy bths a syshives « Mercere Pabhatss cates 4 per cent. 

Groupe 3. Adult, 112-154 mill. long. 6 specimens examined. 

IO ER Reda cI Bea riG ee Aibicks poker oper eicra Cacanicie 99 per cent. 
MOIR os Grottologeecle bro nade ooo cae b< 1 per cent. 

The change from crustacean to insect food in groups 2 
and 3 is noteworthy. Group 1 is not conclusive as only one 
specimen was examined. 

Clemmys guttata (Schneider). Speckled Tortoise. 

Surface (1908, p. 166) records snails and slugs among the 
food. These were found in three out of twenty-seven speci- 
mens examined, 

(rraptemys geographica (LeSueur). Map Turtle. 

Hay says of this turtle (1892, p. 576), “ Prof. Henry 
Garman states that an examination of the contents of the 
alimentary canal showed that the food consisted exclusively 
of mollusks, the young eating the thinner shelled species, the 
adults the larger and thicker shelled kinds. At Lake Maxim- 
kuckee three persons caught about 80 specimens of this 
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species in a few hours. Without probably an exception they 
were found near the shores, where there were great numbers 
of the water-breathing univalves. After a number had 
been kept for a few days in a tub there were found in it 
large numbers of the opercles of such mollusks; and in the 
intestines of one were the remains of a crayfish, some fish 
scales and what appeared to be the cases of some kind of 
eaddis-worm. Its broad masticatory surfaces are well fitted 
for crushing the shells of mollusks.” The snails were possi- 
bly Campeloma or Vivipara. 

7. Prepatrory Birp Enemies or MULLUSKS. 

As would naturally be expected, birds enter into competi- 
tion with fish for the acquisition of food. This competition 
is mainly confined to those birds that frequent the water and 
are classed as water birds. To such belong the Black Duck, 
Baldpate, Green-winged Teal, Shoveler, Lesser Seaup Duck 
among the ducks and plover, snipe, ete., among the shore 
birds. Specific references to mollusks used as food of water 
birds are very rare, the usual statement being “ eats snails.” 

A few specific illustrations are given below. 
The Biological Survey, United States Department of 

Agriculture, has conducted food studies for many years. 
Mr. W. L. MeAtee informs me that upwards of 5,000 
stomach examinations have been made of ducks, showing a 
considerable percentage of mollusks. This information will 
eventually be published. 

Marilla affinis (Eyt.). Lesser Scaup Duck. 

A specimen of this bird had eaten the claw of a blue crab 
and 75 snails, mostly Gillia altilis with a few Goniobasis vir- 
ginica and Planorbis albus (Judd, 1902, p. 81). 

Anser albifrons Gambell. White-fronted Goose. 

Audubon (Forbush, 1912, p. 176) states that in Kentucky 
this goose feeds on beech nuts, acorns, young blades of grass 
and snails. 
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Colymbus auritus Linnaeus. Horned Grebe. 

The food of this grebe is stated to be as follows (McAtee, 
2912,,.p- 19): 

BRE tin COlenyeaqguaticl e.g js. cvycl. sper tin.aeeiee 23.3 per cent. 
Other insects (including aquatic bugs, caddis-fly and 

chironomid larvie, dragon fly nymphs, ete.) ........ 12.0 per cent. 
MrSEME, TeE ose iS Less J.) SHE Moot b ek Oot. ek 27.0 per cent. 
PRTC se os gk} cp eh gk od 4 LE Men ot alo kqept wie 20.7 per cent. 
“LUIGI? (ORR TENG ET Na ae: aaa ee en ae eee eh Aas Rien eae 13.8 per cent. 

Other matter is eaten, including snails and spiders, and a 
small quantity of vegetable food. 

Bartramia longicauda (Bechst). Upland Plover; and 
Oxyechus vociferus (Linn). Willdeer. 

Both of these birds include snails in their diet (McAtee 
and Beal, p. 16). 

Agelaius phoeniceus phoeniceus (Linn). Red-winged Black- 
bird. 

This species has been observed to eat Planorbis (Allen, 
1914, p. 115). This is not surprising as the nests are built 
over the water in marshes where Planorbis and other easily 
obtained snails live. 

Reference is made in Eaton’s “ Birds of New York” to 
the presence of mollusks in the stomach of certain water 
birds, but as the references are not specific they are not 
quoted here. The crow, grackles, and other land birds eat 
snails to a greater or less degree but there are no specific 
records of the use of fresh-water snails. The crow eats dead 
animal matter thrown upon the shore by wind or waves, and 
this may include dead mussels or other mollusks, but there 
is no evidence that it catches or eats living mussels as the 
same species is recorded to eat sea snails on the coast of Maine 
(Bendire, 1895, p. 408). 

8. Mammats as EnEemirs oF MoLuusks. 

Among the mammals three species are known to feed more 
or less on mollusks — all mussels. These are the Muskrat, 
the Mink, and the Otter. 
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Ondatra zibethicus (Lann.). Muskrat. 

The muskrat has long been known as an enemy of the 
clam or mussel bed, the large piles of empty shells so com- 
mon on the shores of our lakes, ponds, and rivers being 
eloquent witnesses of this animal’s insatiate appetite for the 
luscious bivalve. The importance of this class of food is 
variously estimated. Some of the estimates given by a few 
authors are given below: 

Seton (1909, I, p. 554) states that vegetable food is taken 
by preference, but that it also eats clams, fish, insects, and 
even young birds. Lantz (1910, p. 16) says “ In the winter 
the chief food of muskrats consists of the roots of aquatic 
plants — pond lilies, arum, sedges and the like — but in 
some loealities the animals feed on mussels and also on carp 
and other sluggish fish that bury themselves in mud.” 

Merriam (1886, p. 275) states that ““ They are extremely 
fond of the fresh-water mussels (Unio and Anodon) and 
large quantities of empty shells may often be found near 
their homes.” To just what extent mussels are eaten as 
compared with other food is not stated; nor it is known, so 
far as known to the writer, at what season the molluscan 
diet is used to the greatest extent. The method of opening 
the shells has long been a mooted question. Adams (1908, 
p. 408) found the muskrat plentiful at Isle Royale. After 
stating the fact that little is known on this subject he quotes 
from Kennicott (1857, p. 106) who says “ Collecting them 
(mussels) from the bottom, it carries them in its teeth to a 
log or stone, where, sitting upon it haunches, and grasping 
them in the fore-paws, it opens the shells with the incisors 
as skillfully as it could be done with an oyster-knife. I have 
observed that those species with thin shells are more sought 
for, and have often found large specimens of Unio 
[Quadrula| plicatus unopened among the piles of empty 
shells, the muskrat apparently considering them not worth 
the trouble of gnawing apart the valves at the back, in which 
manner the heavy shells are sometimes opened. ” (Lantz, 
1910, p. 17) states that “ One frequently comes upon heaps of 
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mussel shells, chiefly Lampsilis and other Unionide, on the 
margins of ponds and streams. ‘The thin-shelled species fre- 
quently have the valves broken, but the heavier kinds are 
often without injury or tooth marks. The inference is that 
the unbroken mussels have been left to die and open of them- 
selves, after which the muskrat secures the meat.” This 
last sentence may be nearer the truth than is generally sup- 
posed. Rhoads (1903, p. 105) refers to the the same method 
when he states that “ They have a habit of gathering mussels 
from the mud and piling them upon logs and rocks to die. 
The shell thus opens and the contents are devoured by some 
animal, presumably the rats, though I have never seen them 
do it. No doubt, minks, coons, foxes, ete., participate in this 
feast.” There is need for more direct observation on this 
matter. 

In a muskrat pile on Frenchman Island the following 
“species were observed and counted. 

Anodonta cataracta, 35. Lampsilis radiata, 21. 
Anodonta implicata, 5. Lampsilis borealis, 11. 
Anodonta marginata, 3. Elliiptio complanatus, 8. 
Lampsilis luteola, 1. 

Putorius vison (Schreber). Mink. 

The Mink is an infrequent feeder upon mussels although 
normally feeting upon vertebrates. Seton (1909, IT, p. 884) 
states it will eat snakes and clams when nothing better turns 
up, and also preys upon crawfish and carrion. Merriam 
(1886, p. 64) states the food to consist of muskrats, rats, 
mice, birds and their eggs, fish, frogs, turtles’ eggs, crawfish, 
and fresh-water mussels. Coues (1877, p. 177) states that 
“Tt is probably our only species which feed habitually upon 
reptiles, fish, mollusks, and crustaceans — more particularly 
upon frogs, fresh-water bivalves, crawfish, and the like.” No 
direct evidence of the use of mollusks as food has been seen 
by the writer. 

Lutra canadensis (Schreber). Otter. 

The Otter, a typical fish-eater, is said to rarely eat craw- 
fish, frogs and shellfish (Seton, 1909, II, p. 835). Rhoads 
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(1903, p. 158) states that ‘‘ The crayfish, eel, shrimp, fresh- 
water mussels and probably such tender-shelled bivalves as 
are found in the bays frequented by them are also eaten.” 
To what extent shellfish are eaten is not known. 

9, Parasrres Arrecting Moxmuusks. 

Fishes suffer to a marked degree from the attacks of para- 
sitie worms and Protozoa. ‘These include tapeworms, flukes, 
and other worms which infest the stomach, liver, intestine, 
eyes, and other parts of the body. A great many worms 
infest fresh-water mollusks. In a few cases the mollusk is an 
intermediate host of some worm that completes its develop- 
ment in other animals. Only those parasites will here be 
considered that have been reported as living in the species of 
fresh-water mollusks inhabiting the State of New York (cf. 
Leidy, 1858-1904). The list is sufficiently full to emphasize 
the importance of the subject. ‘The parasites here mentioned 
have been accumulated rather incidentally and are listed as 
follows by authors: 

Anoplophyra vermicularis Leidy. Infusorian. 

This infusorian infests the rectum and intestine of Cam- 
peloma decisum, often in great numbers (Leidy, 1877, b, p. 

260). 

Tetracotyle tipica Diesing. 

Encysted in liver and genital gland of Galba catascopium 
and Physa heterostropha (Leidy, 1904, p. 237). 

Monostoma (Glenocercaria) lucania Leidy. Fluke. 

Infest intestine, liver and muscular tegument of 

Planorbis parvus. As many as 50 sporocysts distended with 
cercarize have been taken from a single Planorbis (Leidy, 

1877, a, p. 200). 

Distoma (Gymnocephala) ascoidea Leidy. Fluke. 

Infest liver and intestine of Planorbis parvus (Leidy, 

18774, pe 201): 
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Rhopalocerca tardigrada Diesing. Fluke. 

From mantle of Anodonta fluviatilis (cataracta) and 
Anodonta lacustris (=marginata) (Leidy, 1877, a, p. 202; 
1858, p. 110). 

Heterostomum echinatum Diesing. Fluke. 

From oviduct of Campeloma decisum (Leidy, 1877, a, p. 
202). 

Cotylaspis insignis Leidy. Fluke. 

From branchial cavity of Anodonta fluviatilis (cataracta) 
and lacustris (marginata) (Leidy, 1858, p. 110). 

Aspidogaster conchicolor von Baer. Fluke. 

From pericardial cavity of Lampsilis radiata, Lampsilis 
cariosa, Lampsilis nasuta, Lampsilis purpurea, Anodonta 
marginata and in oviduct of Campeloma decisum (Leidy, 
1851, b, p. 224; 1877, b, p. 260). 

Fasciola hepaticum Linneus. Sheep Laver-Fluke. 

This fluke lives as a sporocyst in the respiratory cavity of 
a small pond snail (Galba truncatula) common in Europe. 
The young escape from the snail and migrate to grassy 
meadows where they are eaten by sheep and later infest the 
liver of this animal. In this country, in the western states, 
the little snail Galba humilis modicella is suspected of being 
the intermediary host of this fluke (Ward, 1895, pp. 
246-252). 

The Unionide or fresh-water mussels are subject to infesta- 
tion by a large number of parasites including trematodes, 
oligochxetes, infusorians, and the mites, Afar. Kelly (1899) 
found that in 44 species examined, all but 5 were infested. 
The parasites observed are listed below: 

Aspidogaster conchicolor von Baer. This fluke was 
found in 37. species, including Strophitus edentulus, 
Anodonta grandis, Lampsilis luteola and L. ligamentina 
which are Oneida Lake species. The pericardial and nephri- 
dial cavities were the regions infested (p. 404). 
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Cotylaspis insignis Leidy. This fluke infested 24 species 
including Strophitus edentulus, Anodonta grandis, Lampsilis 
luteola and L. ligamentina which inhabit Oneida Lake. 
Found in the region of the gills (p. 405). 

Distomide. A free distomid was observed in 14 species 
of mussels, including Strophitus edentulus, Anodonta 
grandis, and Lampsilis luteola which occur in Oneida Lake. 
it was observed in the mantle and is frequently the cause of 
rusty stains on the nacre of the shell (p. 405). This para- 
site has been observed in Anodonta grandis and Strophitus 
edentulus from Chautauqua Lake, N. Y. (p. 406). 

Distomide. ‘Three speices of distomids were observed in 
the encysted stage in 5 species of mussels (in the pericardium 
[3 sp.| the mantle [1 sp.] and the ovary [1 sp.]) only one 
of which Lampsilis ligamentina oceurs in Oneida Lake (p. 
406). 

Bucephalus polymorphus von Baer. Cerearia of this 
worm were observed in 15 species of mussels, of which 
Strophitus edentulus, Lampsilis luteola and L. ligamentina 
occur in Oneida Lake. The parasites infest the viscera, often 
in such numbers as to obliterate the sexual glands (p. 407). 

Certain members of the Acarina or water mites also infest 
many species of mussels as ectoparasites. Kelly (p. 407) 
records the following species. None of these mussels occur 
in Oneida Lake: 

Atax abnormipes Wolcott, infests 4 species of mussels. 

Atax arcuata Wolcott, infests 2 species of mussels. 

Ataxv fossulatus Koenike, infests 8 species of mussels. 

Ataxv indistinctus Wolcott, infests 3 species of mussels. 

Atax serratus Wolcott, infests 1 species of mussel. 

Atax stricta Wolcott, infests 11 species of mussels. 

Atax ypsilophorus Bonz, infests 4 species of mussels. 
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Ataxv, species not indicated, was observed in 35 species of 
mussels, including Strophitus edentulus, Anodonta grandis, 

Lampstlis luteola, and L. ligamentina which occur in Oneida 
Lake (p. 409). 

Conchophthirus hirtus Ehrbg, and C. anodonte Ehrbeg, 
cihate infusorians were observed in 30 species of mussels, 

including the four species mentioned in the last paragraph 
which occur in Oneida Lake (p. 407, 409). 

Chetogaster limnai yon Baer, an oligocheete, was observed 
in the kidneys and on various parts of the surface of 5 species 
of mussels, none of which occur in Oneida Lake (p. 407, 
409), 

Wilson and Clark (1912, p. 11, 12, et seq.) examined many 
mussels from the Kankakee River basin, Indiana and Illinois, 

a number of which were infested with parasites, including 

Atax, Coltylaspis imsignis, Aspidogaster conchicolor, and 
several distomids. Of the species of mussels infested, 
Anodonta grandis and Lampsilts luteola occur in Oneida 
Lake. 

In an earlier publication these authors (1912, pp. 61-72) 

discuss the parasites of the mussels inhabiting the Maumee 
River. The parasites listed which infest species of mussels 
that occur in Oneida Lake are indicated below : 

Cotylaspis insignis Leidy, in Anodonta grandis, Lamp- 
silis luteola and L. ligamentina (p. 61). 

Aspidogaster conchicolor von Baer, in Anodonta grandis 
and Lampsilis ligamentina (p. 61). 

Marginal-eyst Distomid, in Lampsilis ligamentina (p. 62). 

Distomid of Osborn, in Anodonta grandis (p. 64). 

Distomid of Kelly, in Lampsilis ligamentina (p. 68). 

Bucephalus polymorphus von Baer, in Lampsilis luteola. 
It is of importance to note that the mature form of Buce- 
phalus is Gasterostomum fimbriatum yon Siebold, which 
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is a parasite of the pike (Hsox) and perch (Perea), and an 
intermediate host in some species of minnow (p. 70). 

Atax ypstlophorus Bonz, in Anodonta grandis (p. 70). 

Atax, species not mentioned, in Anodonta grandis, Lamp- 

silts luteola, and L. ligamentina (p. 71). 

Conchophthirus. ‘This protozoan was universally present 
(ps4). 

Haldeman (1840) in a supplement of three pages describes 
three cercariz: 

Cercarina hyalocauda Hald., host, Physa heterostropha 
Say. : | 

Cercarina bilineata Hald., host, Galba catascoptum Say. 

Diplodiscus temporatus Stafford, host, Goniobasis  vir- 
guuica Say. 

Clinostomum marginatum Rudolphi. Fluke. 

This fluke is known to affect the Common Pereh (Perca 

flavescens). It is thought by Smallwood (1914, p. 22) that 

the larval stage may be passed in a mollusk, possibly 
Ammnicola limosa. 

Gordius aquaticus Linneus. Hair Worm. 

Karly larval stages of this round worm have been observed 
in the foot of snails, as well as in the mesenteries of a 
European frog (Rana temporaria), in aquatic insect larvee 
(Tanypus, Corethra, Chironomus), in the parenchyma of 
leeches, and in the mucus membrane of the intestine of 
fishes (cf. Cort, 1915, b,.p.,199). 

In a recent paper by Cort (1915, a) many larval trema- 
todes (flukes) are described from fresh water mollusks. 
These are listed below with the name of the host. 
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Cerearia urbanensis Cort. Host Physa gyrina. 
. : ee In liver. 

inhabilis Cort. “  Planorbis trivolvis. 
; ‘ In liver. 

: diastropha Cort. “ — Planorbis trivolvis. 
~ In liver. 

megalura Cort. “— Pleurocera eclevatum. 
In liver. 

9 trivolvis Cort. “  Planorbis trivolvis. 
In liver and body cavity. 

Campeloma decisum.* 
4 : In liver and body cavity. 

reflere Cort. “  Lymnea reflexa. 
In liver and body cavity. 

Campeloma decisum.* 
In tissues of body above 

and at bases of gills. 

rubra Cort. 

trigonura Cort. 

“  douthitti Cort. “  Lymnea reflexa. 
In liver. 

“ asocotylea Cort. “ Planorbis trivolvis. 
In liver. 

5 polyadena Cort. “  Lymnea reflexa. 
In liver. 

4 hemilophura Cort. “ — Physa gyrina. 
In body. 

Campeloma decisum.* 
In tissue above gills. 

Physa anatina. 
In liver. 

leptacantha Cort. 

¢ brevicaeca Cort. 

This is a most excellent paper and should be read by every 
conchologist. Fourteen species of cercariz are noted infest- 
ing six species of snails. Other species of snails are doubt- 
less affected in the same manner and it is probable that few 
species are exampt. The part of the snail affected was usu- 

*We wish to call attention to the practice of many biologists of using 
molluscan material which has not been critically examined by com- 
petent conchologists. The study o° the Mollusca has now become so 
complicated, and the old species broken up into so many new species and 
forms, and so many old species have been critically examined and 
assigned to new groups, that it is unsafe to use material that has not 
been passed upon by some experienced conchologist. The species re- 
corded as Campeloma subsolidum, from Hartford, Conn. (Cort, 1915, 
pages 37, 40, 44, 46, 59) is Campeloma decisum. Subsolidum is a 
Mississippi Valley species not found in the Atlantic drainage. The 
writer is quite familiar with the region about Hartford having made 
collections in the vicinity and the only species of Campeloma there is 
decisum. 
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ally the liver and the percentage of infestation ranged from 
1.50 to 18. 

In Europe several species of trematode worms find their 
intermediate host in mollusks, and the two species cited below 
are added to show that these worms are parasitic in several 
kinds of animals during their life history (Baker, 1911, b, 
p- 41, cited from Cooke, 1895, pp. 61, 62). Many of the 
American species probably have similar life histories. 

Distoma endolabrum Duj. Fluke. 

This worm first enters as host Lymnea stagnalis or 
Lymnea ovata; then Lymnea stagnalis or one of the fresh- 
water shrimps; and attains sexual maturity in the common 
frog. 

Distoma ascidia von Baer. Fluke. 

This worm passes first through Lymnea stagnalis or Plan- 
orbis corneus; secondly, through certain flies and gnats, or 
other insects (Chironomus, Perla, Ephemera); and finally 
matures in certain species of bats. 

10. Aue Living IN AND UPON THE SHELLS OF MOLLUSKS. 

The shells of mollusks are affected more or less seriously 
by boring plants (alge) which perforate the shell, destroy- 
ing the protective horny epidermis and permitting the car- 
bon dioxide in the water to dissolve the carbonate of lime of 
which the shell is composed. Several species of algee have 
been observed on and in the naiad shells of Connecticut. The 
same effects were observed in the Unto shells of Oneida Lake, 
and probably the same species of algze occur. Those described 
by Collins (1897, pp. 95-97) from Twin Lakes, Salisbury, 
Litchfield County, Connecticut, are as follows: 

Plectonema terebrans Born and Flah. 

““ Abundant all through the shells, and when the latter were 
decalcified, formed a dense mat, which made it rather difficult 
to distinguish the other algz, that grew in company with it” 
(p. 95). Also common in marine shells on the shores of Long 
Island. 

— —— 
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Hyella fontana Hiiber and Jadin, 

“ Seattered through the shells, sometimes in rather dense, 

chroococoidal masses, sometimes in loosely branching’ fila- 
ments. Like the Plectonema, it penetrates the interior of 

the shells” (P. 95). 

Gomontia holdeni Collins. 

“In old shells of Unio. The plant occurs only in small 
quantity, and is almost always covered with a dense mass of 
Plectonema, so that it is very difficult to examine” (p. 96). 

Syctonema myochrous Ag. Dichothrix hosfordic (Wolle) 
Zonet. Microcoleus lacustris (Rab.) Farlow. 

Alge growing on the outside of the shells (p. 96). 

Tolypothrix setchellic Collins. 

An alga growing on the outside of the shells (pp. 96-97). 
It is not stated on what species of Unio these algee were 

found but it probably included Elliptio complanatus, this 
being the common clam of Connecticut. In Oneida Lake 
many of the bivalves and snails are similarly affected, inelud- 
ing Campeloma, Lymnaea, Elliptio, and Margaritana. 
Material has been submitted to Mr. Collins who will report 
later on the algze found on and in the Oneida Lake shells. 

11. Taste or Antmats FeEEpInc Upon Mo.Luvusks 

In the Table No. 16 it will be noted that the mollusks are 
used as food by seven groups of animals: Insects, 6 or more 
species; crawfishes, 1 or more species; leeches, 8 species; 
snails, 2 species; frogs, 3 species; and salamanders, 5 species ; 
turtles, 7 species; birds, 6 species, and mammals, 3 species, 
a total of upwards of 41 species. It is highly probable that 
this number will be very greatly increased when more care- 
ful and detailed studies are made of the food habits of other 
species, especially among aquatic invertebrates. Nineteen 
species of mollusks have been definitely identified from the 
stomach contents of these species. A study of the table will 
indicate how meagre our information on this subject is at 
present, and what a fertile field les before the investigator. 
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12. Summary. 

It has been: shown in this chapter that many groups of 
fresh-water animals, including insects, crawfishes, leeches, 
snails, frogs, salamanders, turtles, birds, and mammals feed 
upon mollusks and enter into competition with the mollusk- 
eating fish for the available food supply. Boring algze also 
attack the mussels and larger snails, causing them to exerete 
an additional amount of shelly matter to repair these dam- 
ages. ‘To what extent this agency causes the death of mol- 
lusks is not known. Associates are also present in mollusks, 
either as commensals or as true parasites. In many cases 
the mollusk serves as an intermediary host for a worm which 
completes its cycle of development in a fish, bird or other 
animal. 

— ee 
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CHAPTER VII. CLASSIFICATION OF THE 

ONEIDA LAKE MOLLUSCA. 

In this chapter the species and varieties of fresh-water 
mollusks found in Oneida Lake in 1915 are discussed from 
the standpoint of their toxonomy — their orderly sequence 
and division into orders, families, and genera. The mollusks 
of New York have formed subjects for the pens of many of 
the early naturalists of the country, including Thomas Say, 
Isaac Lea, S. S. Haldeman, and John Jay. Later, such men 
as W. G. Binney, G. W. Tryon, Jr., and Dr. James Lewis 
carried on the study of mollusks of New York State and other 
parts of the United States. Of papers relating directly to 
the Mollusca of New York State there are a large number, 
among which may be mentioned those of DeKay (1843), 
Lewis (1856, 1874), Walton (1892), Baker (1898), and 
Letson (1905). The only complete monograph is that of 
DeKay, published in 1843. The paper on Monroe County 
Mollusea by John Walton is well illustrated, although there 
are no descriptions of the shells. Simpson’s Monograph of 
the Naiades describes all of the mussels of the world, includ- 
ing those inhabiting New York State. The papers of Binney 
describe and figure many of the fresh-water snails of the 
State. Two works by the present writer describe and figure 
many species of shells living in New York State (Baker, 
1898-1902, 1911). The paper by Robertson (1915, pl. 
X—XIT) illustrates in a most beautiful manner (excepting 
that some figures are too greatly enlarged and the scale is not 
indicated on the plate) many of the common species living in 
Oneida Lake. <A list of the more important of these papers 
on New York Mollusea will be found in the bibliography, 
under the name of the above authors. Little has been done 
to increase our knowledge concerning the distribution and 
eritical affinities of the mollusean fauna of the State since 
the time of Dr. J. Lewis of Mohawk, who was one of the 
most discriminating of the students of his time. The only 
local list (a very good one) of the region under considera- 
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tion is by Rev. W. M. Beauchamp, of Syracuse, N. Y., who 
catalogued the Land and Fresh-water Shells of Onondaga 
County in 1886. 

Sixty-two species and varieties, 25 genera and 11 families 
are represented in the collection of fresh-water mollusks 
from Oneida Lake. No new species were observed, but 
six species are reported from the State for the first time — 
Lampsilis borealis, Pisidium henslowanum, Valvata bieari- 
nata normalis, Physa ancillaria warrencana, Planorbis bin- 
neyt, and Lymnea stagnalis lilliane. The peculiar Lymnzid, 
Acella haldemani is reported for the first time from this part 
of the State, as are also Spherium vermontanum, Musculium 

rosaceum, Pisidium compressum lavigatum, P. equilaterale, 
Vivipara contectoides, and Ancylus fuscus. Four species of 
Pisidum still remain to be determined. 

Compared with the total number of fresh-water mollusks 
found in the State, and in several State localities, the fauna 
of Oneida Lake presents a good showing. This comparison 
is shown in Table No. 17. Varieties are here treated as 
species and other lists have been reduced to the modern 
nomenclature. 
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TABLE NO. 17. 

| Oneida 
Lake, 
Baker. 

Onondaga, 
Beauchamp. 
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103 

Monroe, 
Walton. 

The preceding list shows that there are in the west end 
of Oneida Lake nearly one third of the fresh-water species 
of the State, six-sevenths of the total species in Monroe 
County, and about two-thirds as many as in Onondaga 
County. Several species in Monroe and in Onondaga counties 
are found in the Erie Canal which would not live in Oneida 
Lake. It is believed that the list from Oneida Lake can be 
increased to 75 or 80 species with further collecting, because 
{here are many species which should live in the lake and its 
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tributary waters which were not collected in 1915. It is 
as here listed, however, a fair-sized fauna, surpassed but 
little, by any other similar body of water in America. As 
no other large lake in the State has been studied in a similar 
manner it is not possible to make direct comparisons. 

1. ANNOTATED LIST oF SPECIES. 

In the following annotated list, reference should be made 
to the large Table No. 18 showing the distribution of each 
species throughout the 41 stations of the lake. Comparison 
is made with several localities in other parts of the country, 
as to ecological relations. As these are quoted throughout 
the list, the page only is given after each reference. These 
are from Wisconsin, Michigan, and Ontario and are found 
in the bibliography under the names of F. C. Baker, Toma- 
hawk Lake, 1911; Walker and Gleason, Isle Royale, 1908; 
H. B. Baker, Saginaw Bay, 1911; and Robertson, Georgian 
Bay, 1915. These several localities are compared on the 
large table at the end of this chapter. The plants known to 
be used as food or for support are given for each species. 
These four lists are chosen because the nomenclature of each 
is modern and the comparison is uniform. The nomencla- 
ture used is the latest by competent malacologists. 

Under each species will be found the names of the plants 
in Oneida Lake which were observed to furnish either food 
or support. The different fish species using each molluscan 
species for food are also given. It is believed that this in- 
formation will be found useful to fish culturists. For the 
benefit of those who may wish to identify the different 
species of mollusks living in the lake, nearly all (57) species 
and varieties are figured on the plates. The local distribu- 
tion in Oneida Lake is shown in the table at the end of this 
chapter. 

Fig. 40. 1, Elliptio complanatus; 2, Nephronajas ligamentina; 3, Alas- 
midonta undulata; 4, Margaritana margaritifera. 
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PHYLUM MOLLUSCA. 

Crass PELECYPODA. 

ORDER PRIONODESMACEA, 

Famity MARrGARITANIDA. 

Genus Marcartrana Schumacher. 

1. Margaritana margaritifera (Linneus).* Fig. 40, No. 4. 

This widely distributed mussel is not common in Oneida 
Lake, being found only at five stations, always in an exposed 
habitat, usually at the end of a rocky point. The specimens 
collected are not large, none exceeding 65 mill. in length. 
The distribution of this mussel is the most extensive of any 
mollusk, including Europe, Northern Asia, Japan, Western 
America to below the 40th degree of latitude, East of the 
Rocky Mountains in the upper Missouri River, and in 
Saskatchewan, and in eastern North America, in Eastern 
Canada, New England, New York and Pennsylvania. Dr. 

Walker (1910) has recently described the unique distribu- 
tion in America of this almost cosmopolitan mollusk. 

Famity UNIoNIDs. 

Genus Exriprio Rafinesque. 

2. Hlliptio complanatus (‘ Solander,” Dillwyn). Fig. 40, 
No. 1. 

This is the most abundant mussel in the lake, being found 
at 32 out of 41 stations. It lives on a sandy bottom in both 
exposed and sheltered locations. It has not been found in 
bays where there is a thick mass of submerged vegetation. 
This species is found in Georgian Bay, but does not occur in 
the other localities mentioned in comparison. It is eaten 
by the muskrat. 

*The classification of the Naiadacea is that of Ortmann (1912) which 
is a modification of Simpson’s Synopsis (1900, 1914). 
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Genus Anoponta Lamarck. 

3. Anodonta marginata Say. Fig. 41, No. 4. 

Found at four stations, but common only at one. It occurs 
both on exposed points and in sheltered bays. It is listed by 
Beauchamp under the names fragilis and lacustris, which are 
synonyms of marginata. Found in Tomahawk Lake, Traverse 
Bay, Isle Royale, and Saginaw Bay. In Tomahawk Lake it 
is found on an exposed sandy shore, in situations similar to 
those in Oneida Lake. In Saginaw Bay it lives in both a 
sandy and a mucky bottom in more or less protected situa- 
tions. It is eaten by the muskrat. 

4. Anodonta cataracta Say. Fig. 41, No. 1. 

Occurs at ten stations, almost always on an exposed shore 
or point, on a sandy bottom, or in sand between boulders 
on the points. It is the most abundant of the Anodontas. 
Listed as Anodonta fluviatilis and A. williamsti by Beau- 
champ. Cataracta is a fall breeder (long period), gravid 
females being observed in September and October, as 
recorded by Ortmann (1913, p. 293). This species is con- 
fined to the lower St. Lawrence drainage. It is eaten by 
the muskrat. 

5. Anodonta implicata Say. Fig. 41, No. 2. 

A common species, occurring at eight stations, always on 
an exposed point or shore, in a sandy bottom, usually between 
boulders. Recorded from Tomahawk Lake on an exposed 
shore. Not recorded by Beauchamp. Gravid females were 
observed in Oneida Lake in September and October, the soft 
parts not differing materially from those of cataracta. In 
Oneida Lake it is one of the most abundant of the paper- 
shell mussels. It is believed to be the shell figured by 
DeKay (1843, pl. 17, fig. 233) as Anodon exeurvata. Eaten 
by the muskrat. 
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6. Anodonta grandis Say. Fig. 42, No. 4. 

Found only in the artificial pond above Oneida hatchery 
at Constantia. The specimens were small but typical. 
Found in Saginaw Bay and Georgian Bay, in pond-like 
bodies. Listed by Beauchamp under the names salmonia 
and lewisit. 

7. Anodonta grandis footiana Lea. Fig. 41, No. 3. 

Collected at seven stations, always on an exposed shore, 
living, in company with either or both of the two species 4, 5, 
in sand between boulders. Widely distributed and recorded 
from Lake Michigan, Saginaw Bay, Georgian Bay, Toma- 
hawk Lake and Isle Royale. In the latter region it is said 
to live “ on a sandy or gravelly bottom in smaller coves shel- 
tered from the waves.” It is characteristic of an unprotected 
shore. The difference between typical grandis (Fig. 42, No. 
4) and the variety footiana (Fig. 41, No. 3) is a striking 
example of the effect of a change of environment from a 
still muddy habitat to a rough and sandy habitat. None 
were observed gravid. It is listed as rare by Beauchamp. 

Genus ALasmMIponTa Say. 

8. Alasmidonta undulata (Say). Fig. 40, No. 3. 

But one specimen of this species was obtained, from a 
sandy bay, partly exposed to the waves. The shell was 
badly eroded, possibly by boring alge. This is a species of 
the Lower St. Lawrence drainage. It is listed as rare by 
Beauchamp. 

Genus Srrorpuirus Rafinesque. 

9. Strophitus edentulus (Say). Fig. 42, No. 3. 

But one specimen of this species was collected in Fred- 
erick Creek near the Oneida hatchery at Constantia. This 

Fig. 41. 1, Anodonta cataracta; 2, Anodonta implicata; 3, Anodonta 
grandis footiana; 4, Anodonta marginata. 
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was an empty shell. The species is widely distributed, oceur- 
ring in Traverse Bay, Saginaw Bay, and Tomalae Lake, 

in the latter place in a rapidly flowing creek on a sandy 
bottom. It is listed by Beauchamp. 

10. Strophitus undulatus (Say). Fig. 42, No. 

This species was collected on a bouldery exposed point. 
It is apparently rare. Some authors consider this species 
and the last (edentulus) as representing variations of the 
same species (Ortmann, 1912, p. 299) and this may be true. 
However, ecologically, the two forms found in Oneida Lake 
are different in color, shape and habitat, the latter being 

rayed while the former is black and ri alee and is more 
inflated. Undulatus is confined to the St. Lawrence and 
Atlantic drainage systems. It is listed by Beauchamp. 

Genus Lampsiuis Rafinesque. 

11. Lampsilis luteola (Lam). Fig. 48, Nos. 1, 2. 

This mussel inhabits six stations, all exposed points or 
shores. It is abundant at one station, common at one, and 

rare at the other four. Several gravid females were noted, 
which agreed in all details with Ortmann’s description 
(1912, p. 348). This mussel is widely distributed, 

being found in ‘Traverse Bay, Saginaw Bay, Georgian Bay, 
Isle Royale, and Tomahawk Lake. They live either on 
exposed shores or in protected bays. Listed by Beauchamp 
under the names luteola and siliquoides, the latter a 
synonym. It is eaten by the muskrat. 

12. Lampsilis radiata (Gmelin). Fig. 42, No. 5; Fig. 43, 
Nos. 3, 4. 

Collected from thirteen stations, all exposed, on a sandy or 
bouldery bottom, the mussel living between the stones. Next 
to Elliptio complanatus the most abundant mussel in the 
lake. It is common in the streams flowing into the Atlan- 
tic Ocean and the St. Lawrence River and is also said to 
inhabit Manitoba (Simpson, 1914, p. 65). Radiata often 
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approaches /ufeola in size, shape, and markings so closely as 
to render absolute indentification almost impossible. 
Typically duteola has a smooth almost shining surface, with 
a few distinct, separated rays, while radiata has a rough, dull 
surface with many rays which are crowded together and 
more or less wavy. Gravid females of radiata were abund- 
ant in September. The soft parts did not differ from those 
of luteola. Specimens occur with a pink nacre, as in the 
variety rosaceus of Lampsilis luteola. The figures by Robert- 
son (1911, pl. XII, figs. 26, 80) resemble this species more 
than luteola. Iadiata is a favorite food of the muskrat. 

18. Lampsilis borealis (Gray). Fig. 44, Nos. 1-4. 

This mussel was collected at four stations, all similar to 
those of radiata. It is widely distributed, being reported 
from the Lake of the Woods east to the St. Lawrence drain- 
age. It was originally described from near Duck Island, 
Ottawa River, Ontario, Canada. It has not always been 
distinguished from radiata, which it most nearly resembles, 
and is not reported from any definite locality in New York 
(Letson, 1905, p. 82). It differs from radiata in being 
rounder and more inflated. As remarked by Simpson (1914, 
p- 64) it combines many of the characters of both luteola 
and radiata. ‘The figures on the plates bring out these differ- 
ences. Gravid females were observed in Oneida Lake in 
September. The soft parts do not differ from those of 
radiata or luteola. Waten by muskrats. 

14.. Lampsilis ris (Lea). Fig. 42, No. 2. 

This mussel occurred rarely at station XX, a bouldery, 
exposed point. None were gravid. It ranges from Illinois 
and Wisconsin east to New York. It is recorded from 
Saginaw Bay, as rare. Listed by Beauchamp under the 
names of iris and novi-eboract, the latter a synonym. 



Fig. 42. 
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Genus Nepuronagsas Crosse and Fischer. 

15. Nephronajas ligamentina (Lamarck). Fig. 40, No. 2. 

A single specimen, apparently referable to this species was 
found at station XXX, habitat 2 (Frenchman Island). It 
was so peculiar that it was referred to Dr. Bryant Walker 
who agreed with the writer in considering it ligamentina. The 
specimen is 40 mill. long and is deep grass-green with rays 
of yellowish green. The species probably lives in deeper 
water than was investigated at this locality. Ligamentina is 
a species typical of the Mississippi valley which has migrated 
as far east as western New York. It is recorded in the 
Tomahawk Lake region from the Wisconsin River and Gil- 
more Creek. It is not a species of lakes but rather of rivers, 
and further records from Oneida Lake will be looked for 
with interest. It is listed from Cross Lake by Beauchamp. 

Mussels are eaten by some fishes, although the different 
species have not been recorded. Under the names of 
Unionidz and Pelecypoda, these mollusks have been recorded 
as eaten by: Round Buffalo, Common Red Horse, Channel- 
eat, Common Bullhead, Brook Trout, Heros Sunfish, Yellow 
Perch, Sheepshead, Large-mouthed Black Bass, and Small- 
mouthed Black Bass. 

Anodonta is eaten by: Common Red Horse, Channel-ecat, 
Long-eared Sunfish, Pumpkinseed, and Sheepshead. 

ORDER TELEODESMACEA. 

Famity Spuarip”. 

Genus SpHartum Scopoli. 

16. Spheriwm striatinum (Lamarck). Fig. 45, No. 31. 

This small bivalve occurred, uncommonly, at only two 
stations, where the bottom was sandy and the habitat was 

Fig. 42. 1, Strophitus undulatus ; 2, Lampsilis iris, female; 3, Strophi- 
tus edentulus; 4, Anodonta grandis; 5, Lampsilis radiata, 
male. 
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more or less partly protected. This is a widely distributed 
species, listed from Tomahawk Lake, Traverse Bay, Lake 
Michigan, and Georgian Bay. It is listed by Beauchamp. 
Used by the Common Whitefish (Coregonus clupeaformis). 

17. Spherium vermontanum (Prime). Fig. 45, Nos. 82, 
2 33. 

An abundant species occurring at twelve stations. It lives 
in sand in both exposed points and in protected bays. Dr. 
V. Sterki refers this mussel to vermontanum with some 
doubt as the specimens collected are undersized or immature. 
Vermontanum appears to be comparatively unknown among 
collectors, being absent from nearly all local lists. It some- 
what resembles solidulwm. and was so identified by the writer 
many years ago (Baker 1898, p. 113; 1902, p. 394). It is 
listed by Letson (1905, p. 72) but not by Beauchamp, by 
whom it was probably identified as solidulum, which is listed. 
It is used as food by the Common Sucker and Pumpkinseed. 

Genus Muscutium Link. 

18. Musculium securis (Prime). Fig. 45, No. 29. 

Observed at two stations, but common at but one on a 

sandy bottom, partly protected from wave action. This is a 
common mullusk throughout the United States east of the 
Rocky Mountains. It is recorded from Tomahawk Lake, 
Saginaw Bay, Georgian Bay, and Isle Royale. In all of 
these localities it lives in protected bays, in pools or swamps. 
It does not live normally on exposed shores. Listed by Beau- 
champ. It is eaten by the Common Whitefish and the 
Yellow Perch. 

19. Musculium rosaceum (Prime). Fig. 45, No. 30. 

Found at one station on a bouldery exposed shore. It is 
rare. Reported from Traverse Bay. Not listed by 
Beauchamp. 
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Genus Pisipium Pfieffer. 

20. Pisidium ferrugineum Prime. Not figured. 

A single specimen of this species was collected at station 
XXXI, habitat I, C. This is an eastern species listed by 
both Letson and Beauchamp. 

21. Prsidium variable Prime. Fig. 45, No. 25. 

Collected at three stations, on a sandy bottom in partly 
protected bays. A widely distributed species, listed from 
Lake Michigan, Saginaw Bay and Isle Royale. Listed by 
Beauchamp. 

22. Pisidium compressum Prime. Fig. 45, No. 27. 

Collected at station ILI, habitat 2, on a sandy bottom in a 
protected bay. Widely distributed, and reported from Lake 
Michigan, Traverse Bay and Saginaw Bay. Listed by 
Beauchamp. 

25. Pisidium compressum levigatum Sterki. Fig. 45 
No. 26. 

? 

Collected at four stations. Common at three, abundant at 
one. Widely distributed. Described after Beauchamp’s list 
was published. 

24. Pisidium equilaterale (Prime). Fig. 45, No. 28. 

Collected from two stations, one a sandy exposed bay, the 
other a protected bay with vegetation. It was very rare at 
both localities. Listed from New York by Letson but not 
by Beauchamp. 

25. Pisidium henslowanum (Sheppard). Not figured. 

This species was collected at the same stations as the last 
species, common at one and rare at the other. Dr. V. Sterki 
refers this Pisidium to this species with some doubt. They 
‘are peculiar in having a ridge or crest on the beak. The 
same form has been observed by Sterki from Ontario. 
Eaten by the Common Sucker. 
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26. Pisidium species (field No. 252). Not figured. 

Station III, habitat 2, uncommon. 

27. Pisidium species (field No. 238). Not figured. 

This undescribed species aaa! at s‘ation XIX un- 

commonly, 

28. Pisidium species (field No. 234). Not figured. 

Station IX, rare. 

29. Pisidium species (field No. 217). Not figured. 

Station XX XI, habitat 1c, rare. 
The last four species are in the hands of Dr. V. Sterki 

awaiting the acquisition of additional material before they 
can be satisfactorily determined. 

Fourteen species and races of Sphzriide are recorded from 
Oneida Lake in the preceding pages. Of the material sent 
for examination Dr. Sterki says: ‘‘ As you see from the 
Jist, the material is interesting, but somehow insutticient for 
satisfactory study and determination, considering the great 
variation of most of the species. For many years it has 
been my desire to get good and ample material from that 
region, which must be \ very rich in Spheeriidee — and other 
Eresh- water mollusks. From the whole great State of New 
York, we know very little outside of what Dr. Jas. Lewis 
collected in the Mohawk. You should have 30 species or 
more of Spheriidee in your vicinity; eastern and more 
western species appear to meet there; and there ought to be 
more than 20 species (plus varieties) of Pisidium.” It is 
quite probable that, as Dr. Sterki predicts, a much larger 
Spherid fauna will be discovered after further examinations 
of the Jake and surrounding country have been made. 

Undetermined Pisidia are eaten by the following fishes: 
Common Whi'efish, Common Bullhead, Fresh-water Kully, 
Pumpkinseed. 

Fig. 43. 1, Lampsilis luteola, male; 2, Lampsilis luteola, female; 3, 
Lampsilis radiata, male; 4, Lampsilis rad.ata, female. 
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Crass GASTROPODA. 

ORDER PROSOBRANCHIATA, 

FamiIny VIVIPARID®. 

Genus Vivipara Lamarck. 

30. Vivipara contectoides W. G. Binney. Fig. 46, Nos. 
sD 

This large, handsome snail was abundant at two stations 
and common at two other stations. All were sandy and pro- 
tected from violent wave action. ‘This snail is characteristic 
of the Mississippi Valley, extending from Michigan to 
Arkansas and from South Carolina to Florida. It is said 
by Lewis to have been colonized from Illinois (1874, p. 
137). It is abundant in the Erie Canal at Rochester and 

Syracuse and is now known to inhabit Oneida Lake, doubt- 
less brought there by way of the new Barge Canal and the 
Oneida River. It is not mentioned by Walton (1891), 
Letson (1905) does not give a locality, and Beauchamp 
fails to record it in the Onondaga list. It must, therefore, 
be a more or less recent addition to the Oneida Lake fauna. 
It will be interesting to know whether it is found in the 
astern part cf the lake. It was observed living only in the 
outlet and Oneida River. Females dissected in September 
were observed to contain young with fully formed shells, 
apparently ready for birth. The young of the Viviparide 
are born alive, unlike those of Lymnea, and other snails, 

which develop from eggs deposited in the water and attached 
to some object. Contectoides is eaten by the Short-nosed 
Sturgeon.  Vivipara, species not indicated, is eaten by: 
Dogfish, Small-mouth Buffalo, Common Red Horse, Short- 

headed Red Horse, Channel-eat, Yellow Bullhead, Common 

Pullhead, Bluegill. 
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Genus CampreLoma Rafinesque. 

31. Campeloma decisum (Say). Fig. 46, Nos. 6-8. 

This large snail was collected only at two stations, one a 
pond the other a creek. It is widely distribu‘ed, and is 
recorded from:Tomahawk Lake, Traverse Bay, Lake Michi- 
ean, Saginaw Bay, and Georgian Bay. It is abundant in 
New York State, and is noted by Beauchamp (under the old 
generic name Melantho) from Onondaga County. It is eaten 
by the Sheepshead. Campeloma (species not indicated) is 
eaten by the Dogfish, Common Red Horse, Channel-cat, 
Yellow Bullhead, Common Bullhead, and Sheepshead. 

32. Campeloma integrum (DeKay). Fig. 46, Nos. 2-4. 

Observed at thirteen stations, mostly on partly protected 
shores on a sandy bottom in shallow water. Occasionally a 
specimen or two occurs on a bouldery shore or point (as at 
station XX) but this is rare. It is abundant or common 
in many places. ‘This species is as widely distributed as is 
decisum, and is an abundant species in the waters of New 
York State, from which it was first described by DeKay 
under the name of heros (1843, p. 85). Specimens occur 
which resemble both the variety obesum and Campeloma 
rufum. More extended search may be the means of discov- 
ering these forms. It was observed to contain fully formed 
young in September. Jntegrum is listed by Beauchamp. 

Famity AMNICOLID2. 

Genus Ginwia Stimpson. 

33. (rillia altilis (Lea). Fig. 45, No. 39. 

Collected at three stations on a sandy bottom in shallow 
water, in bays usually open to the waves. A common and 
widely distributed species in New York State, listed by 
Lewis, Walton, Letson, and by Beauchamp from Onondaga 
County. 



Fig. 44. 



Ihe Relation of Mollusks to Fish in Oneida Lake 267 

Genus Somatroayrus Gill. 

34. Somatogyrus subglobosus (Say). Fig. 45, No. 40. 

Collected at four stations on a sandy shore in shallow 
water associated with (Grillia. This characteristic snail is 
widely distributed from Lake Michigan eastward. Under 
the name of isogonus it is listed by most writers on New 
York mollusks. It is listed under this name by Beauchamp. 
Somatogyrus is eaten by the Common Red Horse. 

Genus Byrninia Gray. 

35. Bythina tentaculata (Linné). Fig. 45, Nos. 22 

Collected at thirteen stations. This snail seems to prefer 
a habitat where the water is in motion; it will thrive equally 
well on the sandy bottom of an exposed or partly sheltered 
bay, in thick vegetation in the outlet (where it was the most 
abundant) or on the stems of such water plants as Water 
Willow, Bulrush or Pickerel-weed (see Chapter III). Rarely 
found on an exposed bouldery point. This abundant species 
was found by Beauchamp at Oswego in 1879 (1886, p. 5). 
Since that time it has been reported from various parts of 
Western New York, principally in the Erie Canal (Walton, 
1891). It was observed in Lake Michigan by the writer in 
1893 (Baker, 1902, p. 330) and has been recorded from 
Michigan, Wisconsin, and Ohio. It has been thought to 
have been introduced from Europe but its wide distribution 
and great abundance point to its being a native species 
inhabiting both continents, like Galba palustris, Margaritana 
margaritifera, and ITelix nemoralis. It is eaten by the 
Pumpkinseed. 

It has been observed on the following plants: 

Pickerel-weed (Pontederia cordata). On stem. 
Water Willow (Dianthera americana). On stem. 
American Bulrush (Scirpus americanus). On leaf. 
Lake Bulrush (Scirpus occidentalis). On leaf. 
White Water Lily (Castalia odorata). On stem. 
Yellow Water Lily (Nymphaa advena). On stem. 

Fig. 44. Lampsilis borealis. 1, 3. males; 2, 4, females. 
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Genus Amnicota Gould and Haldeman. 

36. Ammicola limosa (Say). Fig. 45, No. 

This little snail is not as common in Oneida Lake as is 
lustrica, and was observed at but four stations, in but one 
of which it was common. The usual habitat is a sheltered 
bay on a sandy bottom in shallow water. It is widely dis- 
tributed throughout the eastern and central part of the 
United States and has been recorded from west of the 
Rocky Mountaims. At Isle Royale it was found on the 
under side of water lily leaves (p. 294). In the Saginaw 
Bay region it was noted on lily leaves and pond-weed, and 
on a sandy and gravelly bottom in shallow water (p. 170). 
Listed by Beauchamp from Onondaga County. The snails 
from Oneida Lake are small and not typical in form. 

Ammicola limosa has been observed in Vaucheria, probably 
using this alga as food. It is eaten by the Common White- 
fish, the Pumpkinseed, the Yellow Perch. 

37. Amynicola lustrica Pilsbry. Fig. 45, No. 20. 

This tiny snail was collected from ten stations, mostly 
protected bays, on a sandy bottom in one to two feet of 
water or on vegetation, lily leaves, submerged vegetation, 
ete. Rarely it was found on a bouldery exposed point. It 
is widely distributed throughout the United States. At Isle 
Royale it was collected on a muddy bottom in three to five 
feet of water (p. 294). In the Saginaw Bay region (Rush 
Lake) it was found in great abundance on a sandy bottom 
in two to four feet of water, and in less abundance on a 
marly bottom (p. 136). In the Georgian Bay region, it was 
dredged in 20 or more fathoms of water. Lustrica varies 
greatly in form and may include, under this name, more 
than one species, as has been the case with limosa. In Dr. 
H. A. Pilsbry’s monograph of New York Mollusca, now in 
preparation, this matter will doubtless be cleared. up and 
this interesting genus straightened out and its true species 
distinguished. This Amnicola is eaten by the Common 
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Whitefish, Common Sucker, Pumpkinseed, Manitou Darter 
and Tessellated Darter. 

38. Ammnicola lustrica Pilsbry, variety. Fig. 45, No. 21. 

A single very narrow Amnicola (field No. 217) was found 
among debris at station X X XI, habitat 2, C, associated with 
typical. lustrica. It greatly resembles Paludestrina nick- 
liniana in general form, and is an example of the statement 
expressed under the last species. Should more of this nar- 
row form be collected it would need to be differentiated as 
a separate species. 

Famity PLevuROCERIDA, 

Genus GontoBasis Lea. 

39. (Gonobasis livescens (Menke). Fig. 47, Nos. 9-12. 

Observed at fifteen stations where it lives on bouldery 
points in one to three feet of water, usually exposed to the 
full force of the waves. Young individuals, a few milli- 
meters in length, have been noted on a sandy bottom. The 
young are strongly carinated on the whorls. This char- 
acteristic snail is distributed from New York to Lake Michi- 
gan and southward to Illinois. It is recorded from Lake 
Michigan and the Traverse Bay region, the Saginaw Bay 
region, where it lives on unprotected, rocky, shallow shores, 
and the Georgian Bay region where it occurs in similar 
habitats. It is very abundant in New York State and is 
listed by Beauchamp from Onondaga County. It has been 
observed to feed upon green filamentous alge, and is said to 
eat dismids and diatoms. 

Famity VALVATID&. 

Genus Vatvata QO. F. Miller. 

40. _ Valvata tricarinata (Say). Fig. 45, Nos. 10-12. 

Observed only at station XX XI, habitat, 1, C, where it 
occurred on a sandy bottom. It has been noted in alge 
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(Vaucheria) upon which it was apparently feeding. 
Recorded by Beauchamp. Eaten by the Common Whitefish, 
Round Buffalo, Common Sucker, Common Red Horse, 
Placopharynx, Golden Shiner, Common Bullhead, Pumpkin- 
seed, and Yellow Perch. 

41. Valvata bivarinata normalis Walker. Fig. 45, Nos. 
13-15. 

Observed at five stations where it lives in shallow water 
on a sandy bottom in a more or less protected bay or in 
vegetation in a protected bay. It is eaten by the Pumpkin- 
seed. Bicarinata is not listed by either Letson or 
Beauchamp. 

The carinate Valvatas are widely distributed, occurring 
from New England to Iowa, and from Manitoba southward. 
Tricarinata was collected at Isle Royale in mud in deep 
water (p. 294), and varieties of tricarinata in the Saginaw 
Bay region in shallow water on a sandy, gravelly and marly 
bottom. In the Georgian Bay region, tricarinata is said to 
be common on sandy or muddy bottoms in weedy places and 
on sandy bottoms to a depth of 20 fathoms. 

Fig. 45. 1-3, Planorbis hirsutus ; 4-6, Planorbis parvus; 7-9, Planorbis 
exacuous ; 10-12, Valvata tricarinata; 13-15 Valvata bicari- 
nata normalis; 16, Ancylus fuseus; 17, Ancylus parallelus ; 
18, Ancylus tardus; 19, Amnicola limosa; 20, Amnicola 

lustrica ; 21, Amnicola lustrica, var; 22, 23, Bythinia tenta- 
culata; 24, Succinea avara; 25, Pisidium variabile ; 26, 
Pisidium compressum levigatum ; 27,Pisidium compressum ; 
28, Pisidium cquilaterale; 29, Musculiwm securis; 30, 
Musculium rosaceum; 31, Spharium striatmum; 32-33, 
Spherium vermontanum; 34-35, Physa ancillaria war- 
reniana; 36, Physa integra; 37, Pseudosuccinea columeila 
chalybea; 38, Pseudosueccinea columella; 39, Gillia altilis ; 
40, Somatogyrus subglobosus; 41, Physa gyrina; 42, Acela 
haldemani; 43, Galba palustris; 44, Helicopsyche borealis. 
3, 6, 9, 12, 15, enlarged about twice natural size; 16-18, 25— 

33, slightly enlarged. 
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ORDER PULMONATA 

Famity Puysipam. 

Genus Prysa Draparnaud. 

Nos. 42. yes ancillaria warreniana (Lea). Fig. 45, 
34, 35. 

One of the most abundant snails living in Oneida Lake, 
occurring at 28 stations. It lives in a variety of habitats 
from bouldery exposed points to protected bays filled with 
vegetation. The normal habitat, where the snail is most 
abundant and of larger size, is near the shore in shallow 
water (four to eight inches) among stones where it occurred 
in the majority of eases. In Tomahawk Lake this Physa 
occurred in either a protected bay or on an exposed shore, 
precisely as noted in Oneida Lake. The shells figured as 
ancillaria by Robertson (pl. XI, fig. 19) appear from the 
figures to belong to this race. 

This characteristic Physa seems to have been noted by but. 

few students and has doubtless been included under the all- 
embracing name of heterostropha. ‘That species, however, is 
quite different from this as will be seen by comparing 
Binney’s figure of Say’s type (Binney, 1865, p. 84, fig. 144) 
with the figures on the plate. This race is related to both 
ancillaria aud sayti (Binney, figs. 139, 136). It is much 
smaller than sayit and appears, as noted by the writer some 
years ago (F. C. Baker, 1911, p. 234), to vary toward 
ancillaria in the form of the shell, Soe becomes shouldered 

in some individuals. The surface is usually smooth and 
shining and the spiral sculpture is slight or entirely absent, 
hence its reference to heterostropha. The occurrence of this 
Physa, together with Planorbis binneyi and Lymncea stag- 
nalis lilliane, in both Tomahawk Lake, Wisconsin, and 

Oneida Lake, New York, under similar ecological conditions, 
is a striking example of the result of environmental influ- 
ences working in far separated regions on the same species. 
The same Physa has recently been observed by the writer on 
the shore of Lake Michigan at Chicago. 
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Physa ancillaria warreniana has been observed on the fol- | 
fowing vegetation, using it for either support or food, 
probably both: 

Broad-leaved Arrow-head (Sagit- White Water Lily (Castalia odor- 
taria latifolia). ata). 

Pickerel-weed (Pontederia cor- Yellow Water Lily (Nymphaa ad- 
data). vena) . 

Water Willow (Dianthera ameri- Green filamentous algie. 
cand). Water Celery (Vallisneria spira- 

American Bulrush (Scirpus ameri- lis). 
canus). Dead leaves used as food. 

Probably feeds on desmids, diatoms, and green algze, and 
is eaten by the Pumpkinseed and Golden Shiner. Under 
the generic name Physa, this type of snail is eaten by eleven 
kinds of fishes: Dogfish, Common Whitefish, Common Red 
Horse, Yellow Bullhead, Common Bullhead, Mud Minnow, 
Willifish, ‘Top Minnow, Viviparous Minnow, Bluegill, and 
Pumpkinseed. 

43. Physa integra Haldeman. Fig. 45, No. 36. 

Observed at five stations, on a bouldery exposed point or 
im a sandy exposed bay. The species is here large and 
typical. It is widely distributed throughout the Great 
Lake and St. Lawrence River region. In the Saginaw Bay 
region it is found among alew (Vaucherta) and on the under 
side of lily leaves in ereeks and rivers, in contrast with the 
exposed habitats in Oneida Lake. In the Georgian Bay 
region the variety neagarensis, a smaller shell, occurs on 
exposed rocky shores. It is a common species in New York 
State where it seems to be better known under the name 
of its race niagarensis, under which name it is lsted by 
Beauchamp. 

44. Physa gyrma Say. Fig. 45, No. 41. 

This Physa was observed only at two stations, both quiet 
water habitats. It is characteristic of swampy areas where 
the water is more or less stagnant. Gyrina is widely dis- 
tributed over the central and eastern parts of the United 
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States. In the Saginaw Bay region it was noted on the 
under side of lily leaves. It is common in New York State, 
especially in ponds, ditches, swamps, and the quiet parts of 
lakes and rivers. Beauchamp lists it as from forest ponds in 
Onondaga County. (yrina has been observed on the Yellow 
Water Lily (Vymphea advena). 

The genus Physa is in a chaotic state as regards the 
specific distinctness of a large number of its species. 
Authors following Binney have classed almost all species 
under the all-embracing name of heterostropha and it is 
therefore impossible to compare the distribution of any 
Physa under this name. The three forms listed above are 
quite distinct and need never be confounded. 

Famity ANCYLID#, 

Genus Ancytus Geoffroy. 

45. Ancylus tardus Say. Fig. 45, No. 18. 

This small fresh-water limpet was observed only in Seriba 
Creek on stones in shallow, rapidly flowing water. It is 
widely distributed in the eastern and central parts of the 
United States and in Canada. It is common in New York 
State. Beauchamp lists it from Onondaga County on stones 
in rivers. 

46. Ancylus fuscus Adams. Fig. 45, No. 16. 

Observed at two stations, both sheltered habitats, and one 
a Typha marsh. Its habit of clinging to vegetation espe- 
cially dead Typha leaves, is noteworthy. It is as widely dis- 
tributed as is tardus. Recorded by Lewis from western New 
York but not included in Beauchamp’s list of Onondaga 
County. It has been collected from dead leaves of Cat-tail 
(Typha angustifolia) wpon which it feeds. 

Fig. 46. 1, 5, Vivipara contectoides; 2-4, Campeloma integrum, 6-8, 
Campeloma decisum; 9-12, Lymnaea stagnalis lillianw ; 13- 
16, Planorbis trivolvis; 17-18, Planorbis binneyi; 19-20, 
Planorbis trivolvis, var. 

> 
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47. Ancylus parallelus Haldeman. Fig. 45, No. 17. 

Observed at three stations, always more or less protected. 
In the Saginaw Bay region it was observed, in quiet coves 
and ponds, on the under side of lily leaves. In the Georgian 
Bay region it was collected from the under side of lily 
leaves and on sticks. Beauchamp records it “on plants ” 
from Onondaga County. It is as widely distributed through- 
out the United States as are the last two species. It has 
been collected from the following plants: 

White Water Lily (Castalia odorata). Under surface. 
Yellow Water Lily (Nymphea advena). Under surface. 
Bur-reed (Sparganium eurycarpum). Dead leaves used as food. 

A species of Ancylus has been observed on two species of 
pond-weed (Potamogeton americanus and P. amplifolius). 
Ancylus is eaten by the Common Bullhead. 

Famity PLANORBID®. 

Genus Pianorsis Miiller. 

48. Planorbis trivolvis Say. Fig. 46, Nos. 13-16. 

Collected from eight stations, all protected, where the 
mollusks were usually among vegetation. This, the com- 
monest of all ‘ wheel snails,” is widely distributed from the 
Rocky Mountains to the Atlantic Ocean and from Canada 
southward. As observed in other places trivolvis is always 
an inhabitant of quiet, even swampy and stagnant, pools and 
water bodies. At Isle Royale it was found in a pool in a 
tamarack swamp (p. 292). In the Saginaw Bay region, it 
occurred on lily leaves, among dead vegetation, on driftwood, 
ete., in pools, marshes and swamps. It was noted that the 
shells from the Bay were larger and heavier than those from 
inland waters (p. 165). In the Georgian Bay region it was 
observed in protected bays, along the shore in water less than 
two feet deep (p. 100). Trivolvis is the commonest. shell 
in many parts of New York State. Listed by Beauchamp. 
Observed on the following plants: 

White Water Lily (Castalia odorata). On leaves and stem. 
Yellow Water Lily (Nymphea advena). On leaves and stem. 
Cat-tail (Typha angustifolia). Dead leaves used as food. 

— 
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It is beheved to feed on filamentous algze, desmids, and 
diatoms, and is eaten by the Short-nosed Sturgeon. 

49. Planorbis trivolts Say, variety. Fig. 46, Nos. 19-20. 

A form of ftrivolvis occurs at five stations, where the 

habitat is not as protected as those occupied by typical 
trivolvis, several of them, as V and XXX, 2, being fully 
exposed to wave action. The shell is smaller than trivolvis, 
the whorls are wider and the shell in general seems to stand 
midway between trivolvis and binneyt. Walker has expressed 
the opinion that binneyt is a variety of trivolvis and the 
presence of these intermediate forms seems to point in that 
direction. This may be the form ealled lentus by New York 
conchologists and listed as such by Beauchamp. This 
Planorbis has been observed on the following plants: 

Broad-leaved Arrow-head (Sagit- Lake Bulrush (Seirpus occiden- 
taria latifolia). talis). 

Pickerel-weed (Pontederia cor- American Bulrush (Scirpus ameri- 
data). canus). 

Water Willow (Dianthera ameri- Green filamentous alge. 
cana). 

50. Planorbis binneyt Tryon. Fig. 46, Nos. 17-18. 

This handsome Planorbis was noted at seven stations, the 
habitat always being a more or less exposed bouldery point 
or bay. <A favorite location was noted to be at the shore 
edge, in a few inches of water, the snails feeding on the 
ereen alex on the rocks. This species was noted in Toma- 
Hawk Lake in both sheltered bays and on exposed shores. It 
is an abundant species, extending from Massachusetts west 

to Oregon (F. C. Baker, 1911, p. 287). It has been identi- 
fied by local conchologists as a wide form of frivolvis. It is 
not in Beauchamp’s list and has not been recorded in any of 
the catalogs of New York shells. 

51. Planorbis antrosus Conrad. Fig. 47, Nos. 17-20. 

This Planorbis, long known under the name _ of 
bicarinatus (which is preoccupied), was obtained from ten 
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stations, all more or less exposed points, bays, and shores. 
In the Saginaw Bay region it was found along the shores 
of the Pigeon River among. alge, principally Vaucheria; 
also dredged in deep water (H. b. Baker, 1911, p. 164); in 
the Georgian Bay region if occurs in weedy sand runs and 
weedy muddy bays and on rocks (p. 100); at Isle Royale it 
was found on a mud bottom in three to five feet of water (p. 
292). Listed by Beauchamp (as bicarinatus) from Onon- 
daga County and commonly distributed in New York State. 

Antrosus has been observed on the following plants: 

Pickerel-weed (Pontederia cor- Lake Bulrush (Scirpus occiden- 
data). talis). 

Water Willow (Dianthera ameri- 
cana). 

Observed to feed upon green alge, and is eaten by the 
Pumpkinseed. 

52. Planorbis campanulatus Say. Fig. 47, Nos. 18-16. 

This is one of the most abundant mollusks in the lake, 
being found at 32 stations. It occurs in all kinds of habi- 
tats from the wave-beaten shore to the quiet, protected bay. 
It clings to stones, the sandy bottom, and to any kind of 
vegetation. In the Saginaw Bay region, campanulatus lives 
in pond-like bodies of water on lily leaves and Potamogeton 
(p. 165); in the Georgian Bay region it occurs in weedy 
places, both muddy and sandy, up to the depth of at least 
three fathoms (p. 100); at Isle Royale it occurred in mud 
and among loose stones at a depth of about one foot and in 
small pools among sedge (p. 293). In Tomahawk Lake it 
lived on both a protected and an exposed habitat in much 
the same manner as in Oneida Lake (p. 236). A single 
specimen was found in Oneida Lake which had the elevated 
apical whorls characteristic of the variety rudentis Dall. 
Campanulatus is abundant in New York State, and is listed 

Fig. 47. 1, 3, Galba emarginata; 2, 4-8, Galba catascopium; 9-12, 
Goniobasis livescens ; 13-16, Planorbis campanulatus ; 17-20, 
Planorbis antrosus. 
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from Onondaga County by Beauchamp. Campanulatus has 
been observed on the following plants: 

Broad-leaved Arrow-head (Sagit- .American Bulrush (Seirpus ameri- 
taria latifolia). canus). 5 

Pickerel-weed (Pontederia cor- White Water Lily (Castalia odor- 
data). ata). On leaves and stem. 

Water Willow (Dianthera ameri- Yellow Water Lily (Nymphaea ad- 
cana). vena). On leaves and stem. 

Lake Bulrush (Scirpus occiden- 
talis). 

Tt feeds on filamentous algw, desmids, diatoms, and on the 
dead leaves of Water Celery (Vallisneria spiralis). It is 
eaten by the Pumpkinseed. 

53. Planorbis parvus Say. Fig. 45, Nos. 4-6. 

This small Planorbis was observed only at three stations, 
a protected habitat in vegetation. As recorded from other 
places, parvus is found in protected places on lily pads, 
drift-wood, and debris of various kinds (Saginaw Bay, p. 
166; Tomahawk Lake, p. 235; Isle Royale, p. 293). It 
feeds upon the dead leaves of Cat-tail (Typha angustifolia) 
and has been observed in alge (Vaucheria) ; it is eaten by 

the Common Whitefish and the Pumpkinseed. 

54. Planorbis hirsutus Gould. Fig. 45, Nos. 1-3. 

This characteristic little wheel-snail was found at eleven 
stations but was common at only two. Under the names of 
hirsutus and albus (a European species which the American 
shell closely resembles) it is widely distributed in the United 
States. In the Saginaw Bay region (p. 166) it lives on Lly 
pads and driftwood, always in protected situations. In the 
Georgian Bay region (p. 101) it oceurs in muddy channels 
and muddy bays on smooth rocks covered with a light deposit 
of sediment. At Tomahawk Lake it was collected in quiet 
water habitats. 

Observed on the following plants: 

White Water Lily (Castalia odorata). Under side. 
Yellow Water Lily (Nymphwa advena). Under side. 
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It was observed feeding upon Cead leaves of Water Celery 
(Vallisneria spiralis), and is eaten by the Common Sucker 

and the Manitou Darter. 

55. Planorbis exracuous Say. Fig. 45, Nos. 7-9. 

Observed at only one station, 3 and two habitats, 
1, C, and 2, both with thick vegetation; in the latter place 
feeding on dead Typha leaves, floa‘i ing on the surface of the 
water. At Isle Royale it was found on the muddy bottom 
of a small stream, at a depth of two to five feet (p. 293) ; 
in the Saginaw Bay region (p. 165) it was found on drift. 

wood, lily pads, and on dead leaves; in the Georgian Bay 
region (p. 101) it was found in protected weedy places, and 
was noted to be light colored in sandy places and brown in 
muddy places. Mwacuous is eaten by the Pumpkinseed. 

Under the generic name of Planorbis upwards of thirteen 
fish are no'ed as using this genus as food. These are Dog- 

fish, Small-mouth Buffalo, Common Red Horse, Channel-eat, 

Brook Trout, Mud Minnow, Fresh-water Killy, Killifish, 

Viviparous Minnow, Bluegill, Heros Sunfish, Pumpkinseed, 
and Sheepshead. 

Faminy LyMN#«IDzZ. 

Genus Lywnxvaa Lamarck. 

56. Lymnea stagnalis lilane F. C. Baker. Fig. 46, 
Nos. 9-12. 

This large pond snail was observed at thirteen stations, 
at four of which it was abundant, at four common, and rare 
or uncommon at the rest.- It lives in a variety of habitats, 
the most characteristic and perhaps the normal one being 
near the shore, where there are many boulders, in from six 
to eight inches of water, where it feeds on the green fila- 
mentous algze covering the rocks. It seems to be rare on 
shores where the force of the waves is not diminished by off 
shore vegetation, Water Willow, or bulrush. 
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The discovery of this race of Lymnewa in Oneida Lake 
Was a surprise as was also the presence of Planorbis binneyi 
and Physa ancillaria warreniana. This Lymnea lives under 
similar conditions in both Oneida Lake and Tomahawk Lake. 
It has not before been reported from New York State 
(though probably included by Beauchamp under the name 
stagnalis) and was previously known only from Minnesota, 
Wisconsin, and Michigan (F. C. Baker, 1911, p. 155). At 
Isle Royale a Lymnewa occurs which seems referable to this 
‘race, though not exactly typical. It is found in protected 
harbors where the water is quiet (p. 289). 

The increase in the size of the aperature and the decrease 
in the height of the spire is due to a rough water habitat, 
which makes it necessary to have a larger foot surface to 
enable the mollusk to retain its hold on the rocks. This 
feature is carried to the extreme in the race sanctemarie of 
Walker (Walker, 1908, p. 289, fig. 2-3; F. C. Baker, 1911, 
p- 156), in which the spire is still farther reduced and the 
aperture enlarged. This race lives on shores where the 
waves are violent. Kge capsules were noted in nearly all 
habitats attached to lily leaves, Typha leaves (dead), 
Potamogeton natans leaf, and on bottom debris. Lillian 
has been observed on the following plants: 

Pickerel-weed (Pontederia cordata). On stems. 

Water Willow (Dianthera americana). On stems. 
American Bulrush (Scirpus americanus). 

White Water Lily (Castalia odorata). On leaves and stems. 
Yellow Water Lily (Nymphaa advena). On leaves and stems. 

Observed feeding on filamentous green alge and dead 
leaves of Cat-tail (Typha angustifolia). A study of the 
stomach contents showed it to feed on bryozoan statoblasts 
(Plumatella), Planorbis campanulatus, and alge and plant 
fragments. Under the generie name of Lymnaea, three 
species of fish are listed as using this group of mollusks as 
food; Dog-fish, Common Whitefish, and  Steel-colored 

Minnow. 
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Genus PsruposuccingEa Baker. 

57. Pseudosuccinea columella (Say). Fig. 45, No. 38. 

Observed at three stations where the habitat was a pro- 
tected bay filled with floating and submerged vegetation. 
Common on the upper and rare on the lower surface of pond 
lily leaves (Castalia and Nymphea). This Lymnaea is 
widely distributed in the United States and Canada from 
Minnesota eastward and from Manitoba south to Florida and 
Texas. Abundant in New York State, and recorded by 
Beauchamp from Onondaga County. For the use of the 
generic name see F. C. Baker (1911, p- 162). The habitat 
of columella appears to be universally the same, as noted by 
other ecologists. In Tomahawk Lake (p. 239) it was 
observed on lily-pads; in the Georgian Bay region on lily- 

pads; lives also in shallow water clinging to cat-tails and 
reeds (F. C. Baker, 1911, p..170). It is said to feed on 
desmids, diatoms and green algv. 

58. Pseudosuccinea columella chalybea (Gould). Fig. 45, 
No. 387. 

Observed at one station associated with typical columella 
on lily leaves. It is distinguished by its narrower shell and 
higher spire (see F. C. Baker, 1911, p. 171). Not definitely 
recorded from New York previously. The figures of Robert- 
son (pl. XI, fig. 15) represent this race. 

Genus AcreLta Haldeman. 

59. Acella haldemant (Deshayes’ Binney). Fig. 45, No. 
42. 

This rare and peculiar Lymneeid occurred at four stations, 
always in a protected bay where the growth of vegetation 
was luxuriant. Though distributed from Minnesota east- 
ward to Vermont and from Ontario south to Ohio, this deli- 
cate snail has been but little known, especially as regards its 
ecology. Dr. R. J. Kirtland collected it in great numbers 
in Reed Lake, near Grand Rapids, Michigan, and found it, 
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as late as November 25th, when the water was covered with 

ice. It was observed on reeds and rushes in water one to 
three feet deep, invariably from six to eight inches from the 
bottom, on the side of the reed facing deep water, the apex 
of the shell pointing downward. In this lake the colony of 
snails occupied an area of a few square rods, and the location 
of this area has not varied a hundred feet in either direction 
in ten years. Kirtland believes that it is a deep water species 
that migrates shoreward in the fall to spawn. Sargent noted 
Acella on lily leaves in the fall. . (F. C. Baker, 1911, pp. 
197-198). In the Georgian Bay region (p. 99) Acella is 
also found on the lower surface of lily leaves in sheltered 
bays. All records of the collecting of this species are in the 
fall and its location in Spring and Summer is not yet 
known. This fact indicates another reason for all the year 
round field work. 

Acella is known from but six localities in New York 
State: Strawberry and Squaw Islands, Niagara River; 
Mohawk River; Herkimer County; Little Lakes, Schuyler’s 
Lake, and Lake Canadarago, Otsego County. <A seventh 
locality may now be added, Oneida Lake, Oswego County. 
It will doubtless be found in other parts of the lake. Not 
listed by Beauchamp. 

Acella feeds upon green algee and has been observed on the 
following plants: 

Smith’s Bulrush (Scirpus smith). On stem. 
Floating Pond-weed (Potamogeton natans). On leaves and stem. 
White Water Lily (Castalia odorata). On leaves and stem. 
Yellow Water Lily (Nymphwa advena). On leaves and stem. 

Genus GaLBa Schrank. 

60. Galba catascopium (Say). Fig. 47, Nos. 2, 4-8. 

Observed at 24 stations, the habitat being usually an 
unprotected rocky point or bay, in one to four feet of water. 
It was commor on sandy bottoms, though mostly young or 
immature, and rare in protected situations. It was almost 
always associated with Goniobasis. At Isle Royale (p. 291) 
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it was most frequent in shallow water in habitats sheltered 
from the waves. In the Delaware River it is subject to the 
ebb and flow of the tide, which leaves stretches of the river 
shore bare, and this fresh-water species has here been com- 
pelled to adapt itself to this periodic exposure, as have the 
marine Littorinas, and for this purpose a thick shell has 

been evolved.* The catascoptum of Oneida Lake also has a 
rather thick shell, caused probably by its normal station in 
a rough water habitat: It is widely distributed in the eastern 
part of the United States and is one of the most abundant 
snails in New York State. Listed by Beauchamp from 
Onondaga County. This snail has been observed on the 

following plants: 
Broad-leaved Arrow-head (Sagittaria latifolia). On stem. 
Pickerel-weed (Pontederia cordata). On stem. 
Water Willow (Dianthera amrericana). On stem. 
American Bulrush (Scirpus americanus). On leaf. 
Lake Bulrush (Scirpus occidentalis). On leaf. 

It has been noted feeding upon dead Water Celery leaves 
(Vallisneria spiralis) and is used as food by the Short-nosed 

Sturgeon, Common Whitefish, and Pumpkinseed. 

61. Galba emarginata (Say). Fig. 47, Nos. 1, 3. 

Observed, rarely, at four stations, always on a bouldery 
point or in a sandy, exposed bay. Nearly all of the speci- 
mens found, however, were dead shells. At Isle Royale (pp. 
60-61, 290) emarginata occurs on sandy and rocky shores 
where wave action is light; a variety, onfartoensis, is abund- 
ant in the Saginaw Bay region (p. 162) on a rocky shore 
unprotected from the waves; another variety, canadensis, oc- 

curs in the Georgian Bay region (p. 99) on rocky and sandy 
shores, in exposed situations. The distribution and interest- 
ing ecology of this species is extensively described by F. C. 
3aker (1911, pp. 408-433). Recorded by Beauchamp. <A 
variety of emarginata (variety canadensis) is eaten by the 
Common Whitefish. 

*For notes on ecology of catascopium, see F. C. Faker, 1911, pp. 387— 
388. 
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62. Galba palustris (Miiller). Fig. 45, No. 43. 

This common pond-snail was observed at but one station, a 
Typha habitat, and was here rare. It doubtless oceurs 
abundantly in swampy ponds and streams in the vicinity of 
Oneida Lake. Recorded by Beauchamp under the name of 
elodes. It is said to feed on filamentous alex, desmids, and 
diatoms, and has been observed eating rotten fruit, decaying 
vegetables and dead animals, and has been known to attack a 
living leech. Palustris is eaten by the Common Whitefish. 

FamMILy SUCCINEIDA. 

Genus Succinea Draparnaud. 

638. Succinea avara Say. Fig. 45, No. 24. 

Observed only in the Oneida River on eat-tail leaves 
(Typha angustifolia). Listed by Beauchamp. 

64, Succinea retusa Lea. Not figured. 

Observed only in a pool on Frenchman Island, on leaf of 
Water Willow (Dianthera americana). A species of Suc- 
cinea has been noted in the stomach of the Yellow Perch. 
Retusa is not listed by Beauchamp. 

Faminry Hexicipm. 

Genus Potyeyra (Say) Pilsbry. 

65. Polygyra thyroides (Say). Not figured. 

This land snail was abundant on Frenchman Island, along 
the shore near the water, in damp or wet spots. It was 
observed feeding upon the nettle (Urtica). Listed by 
Beauchamp. 

2. IDENTIFICATION BY OPERCULA. 

When the stomach contents of fishes are examined it is 
often noted that the shells of the mollusks are badly broken 
and unrecognizable, but that the opercula (attached to the 
foot of the snail and serving to close the aperture of Proso- 
branchiate mollusks when the animal withdraws into the shell) 
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are intact and from these the genera may be distinguished. 
To aid in the identification of snails by this means the oper- 
cula of several genera are figured on this page (fig. 48). 
The four genera are: 1, Goniobasis; 2, Bythinia; 3, Amni- 
cola; and i Valvata. 

The number of individuals eaten by a fish may often be 
known by the number of opercula present. 

3. Tasie or DistriBUuTION OF SPECIES. 

In the table at the end of this chapter the 62 species and 
varieties of fresh water mollusks are so arranged as to indi- 
eate their distribution throughout the 54 stations and sub- 
stations. It will be noted that the habitats producing the 
largest number of species are those with a sandy or rocky 
bottom in an exposed situation. Of those habitats, having 
10 or more species, eight are exposed points or shores where 

Fig. 48. Opercula of small gastropods, 1, Goniobasis; 2, Bythinia ; 
3, Amnicola; 4, Valvata, All are enlarged. 

the number of species ranges from 10 to 17. One is a sandy, 
protected bay, with 16 species and another has a sandy shore, 
partly protected, with an abundance of vegetation such as 
Water Willow, Bulrush and Pickerel-weed, and is inhabited 
by 27 species. The variation in the number of species found 
in each habitat is shown on the table and need not be dwelt 
upon farther. 
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Comparison is made with four localities outside of the 
State: Isle Royale, Lake Superior (Walker, 1908), Sagi- 
naw Bay, Mich. (H. B. Baker, 1911), Tomahawk Lake, 
Wis. (F. C. Baker, 1911), and Georgian Bay, Ontario (Rob- 
ertson, 1915). The number of species common to all five 
localities are shown and the percentage of the widely dis- 
tributed species as compared with the total number listed 
from the locality. It will be noted that only one locality 
(Saginaw Bay) has a larger number of species (84), exceed- 
ing Oneida Lake by 22 species. It is probable that this per- 
centage of difference will entirely disappear when Oneida 
Lake is more thoroughly searched in locations not reached by 
the 1915 field work. 

4. Mo.xztusxs rrom Fisu Hatrcrrrtes. 

Lists of mollusks collected in or near fish hatcheries are 
not common. Some years ago, before the present Caledonia 
hatchery was established, a biological survey was undertaken 
of Caledonia Creek. The fresh-water mollusks noted are 
listed below (Lintner, 1878, p. 25): 

Limnea catascopium Planorbis parvus. 
Limnea desidiosa (now obrussa). Amnicola obtusa (now Annicola 
Limnea humilis (now humilis mo- emarginata) . 

dicella) . Spherium species. 
Physa heterostropha. Pisidium abditum. 

It is interesting to compare the mollusks living in Chau- 
tauqua Lake with those recorded from Oneida Lake. In 
$02 Evermann and Goldsborough (p. 175) published a 

list of the fishes and mollusks of Chautauqua Lake, 15 in 
number; all but four of the mollusks live in ‘Oneida Lake. 

The list is given below, those species represented in the 
Oneida list being marked with an *: 
*“Campeloma decisum Say. Spharium rhomboideum Prime. 
*Valvata tricarinata Say. *Spherium striatinum Lamarck. 
*Planorbis trivolvis Say. Spherium suleatum Lamarck. 
*Planorbis campanulatus Say. *Anodonta grandis footiana Lea. 
*Planorbis bicarinatus Say (now Unio gibbosus Barnes. 

antrosus Conrad). *Lampsilis luteola Lamarck. 
*Lymnea palustris Miiller. *Strophitus undulatus Say. 
Physa ancillaria Say. *Strophitus edentulus Say. 
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Needham (1901, p. 402) lists three species of snails from 
Clear Creek, situated at the fish hatchery, Saranac Inn, in 
the Adirondack mountains. 

Physa heterostropha Say. Spher.um simile Say (=sulcatum 
Galba desidiosa Say. Lamarck). 

Embody, in his interesting paper on “The Farm Fish 
Pond” (1915, p. 238) recommends the introduction of 
mollusks into bodies of water used for the culture of fishes. 
These mollusks appear, from the illustrations, to represent 
the American species noted below, reading from upper to 

lower figure. ‘They are all valuable as fish food: 

1. Lymnea (Galba) palustris Miiller, upper two figures. 
Lymnea (Galba) humilis modicella Say, lower figure. 

2. Physa gyrina Say, upper figure. 
Physa integra Hald., middle figure. 
Physa gyrina Say, lower figure. 

3. Campeloma decisum Say, three figures. 
4. Planorbis trivolv.s Say, upper two figures. 

Planorbis antrosus Conrad, lower two figures. 
5. Spherium sulcatum Lam., upper figure. 

Spherium sp., second figure. 
Spherium occidentale Prime, fourth figure. 
Museculium securis Prime, third figure. 

5. SUMMARY. 

The western end of Oneida Lake supports a molluscan 
fauna embracing 62 species and varieties, very evenly dis- 
tributed on all shores of the lake and its islands. The studies 
of the 1915 season cover about one-third of the shore line of 
the lake. The bouldery points and sandy bays, usually 
unprotected, are usually the best habitats, although one pro- 
tected, sandy shore, protected by aerial vegetation, produced 
the largest number of species, 27. Four types of shells may 
be noted: The naiades or clams, with 15 species; the small 
bivalves, Spheriidee, with 14 species; the Prosobranchiates, 
or gill-breathers, with 12 species; and the Pulmonates, or air- 
breathers, with 21 species. The number of species will prob- 
ably be largely increased with additional collecting. 

10 
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CHAPTER VIII. PLANTS AND ANIMALS ASSO- 

CIATED WITH THE MOLLUSCA. 

In the study of the mollusks of Oneida Lake the fact, 
which is really very evident upon reflection, stands out clearly 
that no one class of animals can be studied intelligently to 
the exclusion of all others. There is an interrelation between 
the Mollusca and all other animals, as well as plants, some 
phases of which have been brought out in the chapters on 
‘* Mollusks as Food of Fishes ” and ‘* The Enemies of Fresh- 
water Mollusks.” In the field studies, also (Chapter II), 
it was noted that many animals lived in the same environ- 
ment and that the vegetation had a most intimate relation 
to the Mollusca. In the present chapter all of the animals 
and plants are listed which were noted either in the same 
station and habitat with the Mollusca, or that were obtained 

from the stomachs of fishes caught in the west end of the 
lake. A part of this material has been submitted to com- 
petent specialists for identification. These are noted under 
each group. References to a few notable papers on each 
eroup are also made to enable the student to look more closely 
into the habits and structure of these animals and _ planis, 
and their relation to animals of an economic character. 

A. PLANTS. 

Plants, says Davis (1908, p. 217) “are the organisms 
which stand between the higher specialized and complicated 
animal world and the inorganic or mineral kingdom, con- 
verting the gases and mineral matter of the latter into sub- 
stances which can be assimilated by the former. Plants, 
then, may be termed the primary food of animals, even when 
these, as is the case with many fish, do not use them directly 
for food, for, if the history is traced far enough, it will be 
found that there is one or more vegetable feeding organisms 
constituting the intermediate from the mineral world to the 
animal.” 
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In addition to supplying food material, plants perform 
another office, of nearly equal importance in many ways, that 
of providing support for animal food organisms, protection 
for breeding fishes, and a binding medium for the more or 
less shifting bottom material. As has been well stated by 
Petersen (1911), Pieters (1901), and J. E. Reighard 
(1894), the abundance of the larger plants is wholly depend- 
ent on the amount of shallow water wm the lake, and it has 
been noted that only in the shallow areas, called lake terraces. 
bordering the shores of the lake, do the plants find sufficient 
soil for attachment and lght and heat for their develop- 
ment. There is an intimate interrelation between plants 
and this shallow area, the latter forming the necessary 
depth and soil while the former, with their extensive root 
system, hold the soil in place and prevent excessive erosion, 
In Oneida Lake it is noteworthy that there is a wide zone of 
water, 1 to 6 feet in depth, bordering the shore, which is 
especially well developed in the w estern end, and that coin- 
cident with this shallow area there is a luxuriant growth of 
vegetation. ‘The bottom soil is mostly sand or boulders, mud 
feme reduced to a few small spots, and the plants are 
mostly of the types living in a sandy soil. The development 
of Bulrushes and Water Willow, therefore, is significant. In 
Lake Erie, Pieters (1894, p. 15) noted that the plants dis- 
appeared when the water reached a depth of fifteen feet, and 
were scarce in water ten feet deep. The same relation of 
plants to depth was noted in Oneida Lake. Deep lakes do 
not have an abundant development of vegetation and so far 
as the abundance of life is concerned, are comparable to land 
deserts. 

The zonal arrangement of plants in some of the habitats is 
noteworthy. These are described in Chapter IT under Field 
Stations. The plants listed in the following pages form 
but a small part of the vegetation living in and about the 
lake. Those species mentioned are intimately connected with 
the animal life, hence their selection from among the large 
number of species present. The majority of the species have 
been identified by Dr. Wm. L. Bray of the Department of 
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Botany, Syracuse University and Dr. Harry P. Brown of 
the College of Forestry. The classification is that of Gray’s 
Manual (Robinson and Fernald, 1908). The relation of the 
flora to the environment and to the animal life is well dis- 
cussed by Pieters (1894, 1901), J. E. Reighard (1894), 
Davis (1908), and Moore (1915). 

ALGAE. 

The alge of the lake were not identified. Two genera were 
observed Vaucheria and Rivularia. Some of the alge found 
on the shells of mollusks have been submitted to Mr. F. S. 
Collins for study. 

CHARACEA. 

Chara. Stoneworts, species not determined were plentiful 
at’ “Stations 41,' Til, XXDTYXXTV, “XXKV, See 
XX XIX, and XL. 

SPERMATOPHYTA. 

MONOCOTYLEDON &. 

Famity TyPpHACEA. 

Typha angustifolia Linn. Narrow-leaved Cat-tail. 

Observed at stations I, I, III, 1X, X, XXIV, XXXT, 
XXXVI, XXXVITI. 

Famity S PARGANACEA, 

Sparganium eurycarpum Engelm. Bur-reed. 

Observed at stations IJ, III, 1X, XXI, XXIV, XXXII. 

Famity Nagapacex. 

Potamogeton natans Linn. Floating Pond-weed. 

‘Observed at stations IT, ITI, VI, VII, X, XXIV, XXXV. 

Potamogeton perfoliatus Linn. Clasping-leaved Pond-weed. 

Stations, TL, ULI, V,,,.VIl,, XX; XXIV, 2CXOCY., =X XI 
XL. 
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Potamogeton heterophyllus Schreb. Various-leaved Pond- 
weed. 

Station XX XTX. 

Famity ALISMACE. 

Sagittaria latifolia Willd. Broad-leaved Arrow-head. 

Peranons Thy Vy VIL xe, XIV, XXX, XXXI, 
RXV, XXXV;, XXXVI XXXVI, 

Famity Hyprocwarrracr”. 

Elodea canadensis Michx. Water Weed. 

poeeana yi? Wl V1 Xe ex VE eX VX X XTX, OL, 

Vallisneria spiralis Linn. Eel Grass, Water Celery. 

Siations, LIT, V, Xi, XLV > XV, XX XTX, XT. 

Famity GRAMINE®. 

Spartina cynosuroides (LL). Roth. Salt Reed Grass. 
Station V. 

Famity CyPpERACES. 

Scirpus Smithu Gray. Smith’s Bulrush. 

Stations II, ITI, V, 1X, XIX, XXX, XXXI. 

Scirpus americanus Pers. American Bulrush. 

Stations LI. DIV, IX x xX DEL XVV yy XTX OE 
RexeV, XXXVI, XX XT MOXEXTIT. 

Scirpus occidentalis (Wats.) Chase. Lake Bulrush. 

piatens. I TEV, Vi, VELL, EX, xX, CLT XT ie 
ROO EXT XXIV, RXVES RXR KR KR 

Carex trichocarpa Muhl. Sedge. 

Stations I, II, III, X, XXX, XX XI, XXXII, XXXIV. 
xv XX VL 



294 College of Forestry 

Famity Lemnaces. 

Sprrodela polyrhiza (LL). Sehleid. Greater Duck Weed. 

,Observed only at station XX XI. 

Famity PonTeperIace®, 

Pontederia cordata L. Pickerel-weed. 

Stations II, IIT, V, VI,- 1X, X, XTX, XX eee 
XXXiI. 

Famity [rtpace®. © 

Tris versicolor L. Larger Blue Flag. 

Stations XXX, XX XVIII. 

DICOTYLEDON 2. 

FaMILy SALICACER. 

Salix nigra falcata (Pursh) Torr. Black Willow. 

Stations III, XIX, XXI. 

Famity CrraToPHYLLACE®. 

Ceratophyllum demersum L. WHornwort. 

Stations 1, IT, Vi, X, XXIV, XXXV, XX XpxXeee 

Famity NymMpHacrem, 

Nymphea advena Ait. Cow Lily. 

Stations 11; "TET, “Viy Vil; xX, XXIV, XXX xe 
Nymphea americana (Prov.) M. & S. has been reported 
from Fish Creek at the eastern end of Oneida Lake, but none 
were observed in the western end ( Miller and Standley, 1912, 
Boaioas 

Castalia odorata (Ait.). Woodville and Wood, Sweet- 
scented Water Lily. Stations II, III, VI, X, XXIV, XXXI, 
XXXV. Castalia tuberosa (Paine) Green, should also be 
found in the lake. 
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Famity LytrHRACE®. 

Decodon verticillatus (1) Ell. Swamp Loosestrife. 

Séations II, III, VI, X, XTX, XXX, XXXI, XXXIV, 
DOEXV, XXXVI 

Famiry HatoraGmace®. 

Myriophyllum spicatum L. Spiked Water Milfoil. 

piations I, IIT; VI, X, XXIV, XXXV, XX XIX, XT. 

Famity Rusriace®. 

Cephalanthus occidentalis L. Buttonbush. 

Stations II, III, X, XXX, XXXII. 

Famity ACANTHACES. 

Dianthera americana L. Water Willow. 

Samonadly Lh, LV, Vi VI, 1X;XLb XL XL ke eX, 
meal ige XV) XX, KX MXIM to MAX. 

B. ANIMALS. 

There are without a doubt a large number of species of 
Protozoa, principally belonging to the classes Rhizopoda and 
Infusoria, living in Oneida Lake, but no attempt was made 
to collect them. The same may be said of the fresh-water 
sponges (Porifera), several species of which probably occur 
in this lake. Of the Ccelenterata, the fresh-water Hydra 
without doubt is an inhabitant of the lake but none were 
observed. 

PHYLUM PLATYHELMINTHES, 

This group of worms is represented by the free triclads 
(Planaria) belonging to the class Turbellaria, and by the 
parasitic classes Trematoda and Cestoda, both of which 
affect, the external or internal parts of fishes. Worms of this 
group were observed in Perch (Field Nos. 145, 309) and 
in a specimen of the Ling purchased in the Syracuse market. 
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PHYLUM NEMATHELMINTHES. 

Crass NEMATODA. 

This class of worms (represented by the common Round- 
worm or Hair-worm, Gordius aquaticus) are common as 
parasites, but are also well-known in fresh water as free 
worms. Such were observed in the intestine of the Chain 
Pickerel (No. 54 [1]) and the Common Seulpin (No. 
23[2]). 

PHYLUM MOLLUSCOIDEA. 

Crass Ponyzoa. 

To this class belong the animals known as moss animals or 
bryozoans. ‘They are mostly marine organisms, but a few 
genera (about seven) live in fresh-water streams and ponds. 
These belong to the order Phylactolemata. None of the 
animals were observed but the ‘“ winter eggs” or statoblasts 
of Plumatella were common in the stomach of snails 
(Lymnea stagnalis lilliane) and in the stomachs of the Com- 
mon Sucker, Brook Silversides, Rock Bass, and Pumpkin- 
seed. These statoblasts are well figured by Whipple (1899, 
plate 18, fig. 6) and Stokes (1896, p. 253, fig. 174). A 
good account of the North American fresh-water group is 
given by Davenport (1904). 

IPBEYSL AME AGNUN GEL AA 

Crass Hrirupinra. 

A number of leeches were collected and have been identi- 
fied by Professor J. Perey Moore. Ten species were 
obtained, being nearly half of the number recorded from 
Minnesota (22, Moore, 1912), and nearly as many as 
recorded from I]linois (11, Moore, 1901). Fifteen species 
are recorded from the Great Lakes Region (Moore, 1906). 
The leeches are abundant in Oneida Lake, and special atten- 
tion given to this group of animals would doubtless add sev- 
eral species to the list herein presented. The leeches are 
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described, and in two cases beautifully figured by Moore 
(1901, 1906, 1912). 

Faminy GLosstPHONID®. 

Glosstphonia stagnalis (Linn.) Johnston. 

Station I, habitat 2, on leaves of Water Lily (Nymphoa 
and Castalia). Known to feed on Pisidium, and itself eaten 
by the larger leeches, sunfish, perch, and other small carniv- 
orous fishes (Moore, 1912, p. 79). 

Glossiphonia fusca Castle. 

Station I, habitat 2, on leaves of Water Lily (Nymphoa 
and Castalia). Said to live almost exclusively on the smaller 
snails. It frequently attaches itself to the shells of Lymnea 
and other large snails (Moore, 1912, p. 81). 

Glossiphonia complanata (Linn.) Johnston. 

Station IIT, habitat 3, under stones. This species is known 
as the snail leech, and feeds on small snails, worms, ete. 

Placobdella parasitica (Say) Moore. 

Station VII, on the back of turtles (Snapping Turtle 
and Painted Terrapin) upon the blood of which it feeds. At 
station XX XIII it was found on stones near shore. 

Placobdella rugosa (Verrill) Moore. 

Station IIT, habitat 3, clinging to stones. 

Placobdella phalera Grat. 

Young leeches thought to be this species were collected at 
station X XI, habitat 2. 

Placobdella picta Verrill 

Station I, habitat 2, and station XL, in submerged 
vegetation. 
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Famity HIrvupinipz. 

Hamopis marmoratis (Say) Moore. 

Stations XXXIIT and XXIII, on rocks and debris on 
shore at edge of water. In Maple Bay, Adams and Hankin- 
son found this leach on dead catfish which had been killed 
by the Lamprey Kel, the leeches being on and inside of the 
injured spot. This lec h, known as the Horse Leech, besides 
being a scavenger, eats earthworms, insects, mollusks: etc., 
as well as large quantities of mud containing organic matter 
(Moore, 1912, p. 112). 

Hemopis grandis (Verrill). 

This largest of American leeches was found in a rowboat 

at Brewerton by Adams and Hankinson. It is known to 

feed on snails. 

Faminty ERPOBDELLIDS. 

Erpobdella punctata (Leidy) Moore. 

Station I, habitat 2, station III, habitat 2, and station 
XXX, habitat 2, on vegetation and on stones near the shore 
(station X XX). 

PHYLUM ARTHROPODA. 

Crass CRUSTACEA. 

SUBCLASS ENTOMOSTRACA, 

Entomostraca are abundant in the plankton of Oneida 
Lake. As has already been stated no attempt was made in 
1915 to study the plankton, and the following list is based on 
the stomach contents of fishes caught in the lake. Species 
listed in the report of the Conservation Commission (see 
Bean, 1914, p. 352) from the ponds of the Oneida hatchery 
at Constantia, named by Mr. A. A. Doolittle, are also 
included. 

It is interesting to note the relative abundance of these 
Entomostraca in the hatchery pond. These were counted 
by Mr. Doolittle and his results are noted below: 
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OUCLODSEOLCT 6... 0.5. «vs cay anes 2 in vial, 0.045 per cent of whole 
Cyclops serrulatus ........... 2 in vial, 0.045 per cent of whole 
Sida crystallina............... 3 in vial, 0.068 per cent of whole 
Simocephalus vetulus ........ 3 in vial, 0.068 per cent of whole 
Scapholeberis mucronata ..... 1565 in vial, 35.712 per cent of whole 
Bosmina obtusirostris ........ 2 in vial, 0.045 per cent of whole 
Chydorus sphericus .......... 5 in vial, 0.114 per cent of whole 
Polyphemus pediculus ........ 2800 in vial, 63.900 per cent of whole 

MOUS in aos vay age £ sdesspertenle Ge 4382 in vial, 99.997 per cent of whole 

It was noted that 50 young Small-mouthed Black Bass ate 
one per cent. of Scapholeberts. 

ORDER PHYLLOPODA, 

SUBORDER CLADOCERA. 

Faminy Sip. 

Sida crystallina Mueller. Oneida hatchery ponds (Bean, 
1914, p. 352). 

Famity Dapunip®. . 

Daphnia hyalina Leydig. From stomach of Perch. 

Simocephalus vetulus Mueller. Oneida hatchery ponds. 
(Bean, p. 352). 

Scapholeberis mucronata Mueller. Oneida hatchery ponds. 
(Bean, p. 352). 

Famity Bosminip2. 

Bosmina obtusirostris Sars. Oneida hatchery ponds (Bean, 
p. 352). 

Bosmina longirostris Mueller. From stomachs of Perch, 
Brook Silversides, and Golden Shiner. 

Famity LyNcripa. 

Alona species. From stomachs of Common Sucker, Common 
Bullhead, Pumpkinseed and Manitou. Darter. 

Chydorus sphericus Mueller. Oneida hatchery ponds (Bean, 
p. 352). 
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SUBORDER GYMNOMERA. 

Famity PoLtypHEMIp2. 

Polyphemus pediculus Linn. Oneida hatchery ponds (Bean, 
p- 352). 

Faminy Lerroporipa, 

Leptodora hyalina Lilljeborg. In stomach of Tullibee. 

The individuals in the stomach of this whitefish were very 
large and the fish had eaten almost entirely of this one 
species. The Tullibee, judging by the contents of this 
stomach, takes its food from near the surface, at least at 
some seasons. Determined by Dr. C. D. Marsh. 

ORDER COPEPODA, 

The copepods were determined by Dr. C. D. Marsh. 

Famity CaLanip”, 

Hpischura lacustris Forbes. From stomach of Yellow Perch. 
One male and one female were represented, 

Faminty Cyciopip™. 

Cyclops ater Herrick. Oneida hatchery pond. 

Cyclops serrulatus Fischer. Oneida hatchery pond. 

Cyclops strenwus Fischer. From stomachs of Manitou 
Darter and Tessellated Darter. 

Cyclops viwidis Jurime. From stomach of Manitou Darter. 

Cyclops, species not identified, were noted in the stomachs 
of the Common Sucker, Common Bullhead and Pumpkin- 
seed. Cyclops strenuus provides the second record for 
America, the first being at Axton, New York, where it was 
collected by Dr. B. W. Evermann, in Rock Pond, on April 
30 (Marsh, 1912, p. 253). It is known to be a cold water 
form, and the fish from which it was taken was collected by 
Dr. C. C. Adams, on October 12, 1915, in shallow water. 
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Faminty Harpacricip». 

Canthocamptus northumbricus Brady. From stomach of 
Manitou Darter. 

Canthocamptus staphylinus Claus. From stomach of Mani- 
tou Darter. 

The various groups of Entomostraca are more or less 
extensively treated, and illustrated, in the following papers, 
the full references of which will be found in the bibliography : 
Herrick and Turner, 1895; Marsh, 1895, 1910; Birge, 1895. 
1897 ; Forbes, 1897; Sharpe, 1903. . 

Crass Mazacostraca. 

ORDER DECAPODA. 

SUBORDER MACRURA. 

Famity Astactp® (Crawfishes). 

The crawfishes were determined by Dr. A. E. Ortmann. 

Cambarus bartoni robustus (Girard). 

Young and half-grown specimens were common at station 
XVI. These were males and females of the II form. Found 
also in the stomachs of Pickerel and Ling. This is appar- 
ently the first record of this race from Oneida Lake. 
Typical bartonz is a form living in small streams and springs, 
but the race robustus prefers creeks, and larger streams. In 
Lake Huron and Georgian Bay it is found in the lake, in 
situations similar to those of Oneida Lake. 

Cambarus propinquus Girard. 

Young specimens, mostly males of the I form were com- 
mon at station II], habitats 2 and 3, and stations XVI, XX 
and XX XIII. This species was also found in the stomach 
of the Ling. The remains of crawfishes, either propinquus 
or bartoni robustus, were noted in the stomachs of the Rock 

Bass, Yellow Perch, Manitou Darter, Pickerel, and Horned 
Dace. Both species were abundant under and among stones 
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and boulders.. The crawfishes are described and figured by 
Ortmann (1905, 1906), Faxon (1885, 1898), and Pearse 
(1910). 

ORDER ARTHROSTRACA, 

SUBORDER AMPHIPODA. 

The amphipods were determined by Miss Ada L. Weckel. 

Famiry GAMMARIDA, 

Gammarus fasciatus Say. 

Stations XXXIX and XL. From stomachs of Manitou 

Darter and Tessellated Darter. 

Hyalella knickerbockert (Bate). 

Stations X, XVI. From stomachs of Golden Shiner, 
Common Bullhead, Rock Bass, Pumpkinseed, Yellow Perch, 
Manitou Darter and Tessellated Darter. An account of the 
freshwater amphipods will be found in Weckel’s paper 
C1907). 

SUBORDER ISOPODA. 

Famity AsELLIDA. 

Asellus aquaticus (Linn). 

From stomach of Tessellated Darter. Fragments of an 
Asellus were observed in the Pumpkinseed. This Asellus 
is large and agrees with the description and figures of 
aquaticus (Richardson, 1905, p. 480). 

Crass Hexapopa (Insects). 

ORDER EPHEMERIDA (May-flies). 

The EHphemerida, Odonata and Plectoptera were deter- 
mined by Dr. J. G. Needham. 

Famity EPHEMERID®. 

Hexagema bilineata Say. 

The nymphs of this May-fly were observed in the stomachs 
-f the Common Red-horse and Yellow Bullhead. <A good 
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figure of this and other May-fly larvee may be seen in Clemens 
(1915, plate XV, fig. 1). See also Needham (1901, p. 418). 

Hphemerella species. 

Several nymphs of this genus were obtained from the 
stomach of the Manitou Darter. 

Ephemera species. 
Nymphs of this genus were observed in the stomach of the 

Manitou Darter. 

Cents species. 

Nymphs of this species were obtained from the stomachs 
of the Manitou Darter and the Chain Pickerel. 

Callibetis species. 

Several nymphs were observed in the stomach contents of 
the Painted Terrapin and the Chain Pickerel. 

ORDER ODONATA ( Dragon-flies). 

Famity Ageriontip® (Damsel-flies). 

Enallagma signatum Hagen. 

Nymphs of this species were obtained at station XL. 

Enallagma species. 

Nymphs of several species of this genus were observed at 
stations XVI," XXX,‘ and XX XIX. Also in the stomachs 
of the Painted Terrapin, Chain Pickerel, and Manitou 
Darter. 

Famity AtscHNID&. 

Gomphus sordidus Hagen. 

Collected from stations [X, and XXX." All nymphs. 

Basiveschna janata Say. 

Nymphs of this species were secured at station I.” 

A schna species. 

Nymphs were secured from station X XX." 
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Aischna species. 

Nymphs were secured from station XIX. 

Anax juntus (Drury) Selys. 

Nymphs of this dragon-fly were obtained from the stomach 
of the Painted Terrapin. 

Good accounts of the Odonata, as well as other fresh-water 
insects, will be found in Needham, 1901 and 1903. 

Famity LipeLLunip”. 

Tetragoneuria cynosura Say. 

Two specimens of this species were obtained from station 
i 

Fragments of both dragon-fly and damsel-fly nymphs were 
noted in the stomach contents of the Common Perch. 

ORDER PLECOPTERA (Stone-flies). 

Famity PrEriip®. 

Perla species. 

Several nymphs of a species of this genus were obtained at 
station XVI. 

Acroneurta species, 

Nymphs were obtained at station XVI in company with 
the last species. 

ORDER HEMIPTERA (Bugs). 

The Hemiptera were determined by Mr. W. J. Gerhard. 

Famriry Corrxip® (Water-boatmen). 

Corisa undulata Say. 

This common water-boatman was observed in several of 

the protected bays among the water plants. 
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Corisa species. From stomach of Painted Terrapin. 

Famitry Noronectip® (Back-swimmers). 

Notonecta undulata Say. 

Station XXX, habitat 1, common. 

Plea striola Fab. From stomach of Painted Terrapin. 

Famity Nepipm (Water-scorpions). 

Ranatra species. 

Observed in Nicholson Bay, in the submerged vegetation. 

Famity Bretostomipz (Giant Water-bugs). 

Belostoma flumineum Say. Nymph. 

Station X XX, habitat 1, rare. 

Famity Gerrip# (Water-striders). 

Gerris bueno Kirk. 

Station XXX, habitat 1, common. 

ORDER TRICHOPTERA (Caddis-flies or Caddis-worms). 

The caddis-flies were determined by Dr. C. Betten. The 
long tubes and spiral cases of the larval stages of these inter- 
esting insects were abundant in nearly all parts of the lake. 
Upwards of ten species, of five families, are represented. 
See Betten (1901, p. 561) and Needham (1908, p. 252) for 
accounts of the members of this order. 

Famirty LIMNEePHILipe. 

Neophylax species. 

Empty cases were common at station XVI. 

Platycentropus maculipennis (Kol.). 

Station XX XI, habitat 1, B. Several empty cases from 

station IX are referred to this family. 
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Famity SERICOSTOMATID”. 

Helicopsyche borealis Hagen. Fig. 45, No. 44. 

Common at stations I], III, IV, V, X, XII, XVI, XIX, 
XXI, XXII, XXX, habitat 2, and station XXXI. It has 
been noted in the stomach of the Pumpkinseed. 

This caddis-fly larva forms a spiral case in form so nearly 
like the shell of a mollusk as to have deceived such expert 
conchologists as Lea and Bland. Many years ago Lea (1834, 
p. 104) described the hard case of this insect as Valvata 
arentfera, supposing it to be a mollusk and remarks that “ It 
has the singular property of strengthening its whorls by the 
agglutination of particles of sand, ete., by which it is en- 
tirely covered.” The spiral case and the habit of clinging 
to rocks like the Valvatas perhaps explains, in a measure, the 
error of the early students. They are to-day frequently 
mistaken for snails by amateurs and laymen. This interest- 
ing case is discussed at length by Bland (1865, p. 144). 

Famity Hyproprinip”. 

Hydroptila species. 

Station LX, small kidney-shaped case, not common. 

Faminty Leprocreripa. 

Molanna species. 

Characteristic larval cases were collected at stations XIX, 
and XX XI, habitat 1, c. 

Ocecetis resurgens Walker. 

A few specimens were secured at station XX XIX. 

Leptocella species. 

The long, slender, larval cases of this caddis-fly were com- 
mon. at stations II, VIII, XII,. XIX, XX XI, habitat 1, B, 
1, C, 4, stations XX XIX, XL. It has been found in the 
stomach of the Golden Shiner. 

Leptocerus species. 

A large empty ease of this genus was found at station IX. 
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Famity Hypropsycuip”, 

Polycentropus species. 

Observed at stations XX XIX and XL. 

Phylocentropus species. 

One slender sand tube was found at station XIX. 

ORDER LEPIDOPTERA (Butterflies and Moths). 

Famity Pyraip2. 

Nymphula sp. (= Paraponyx). 

The specimens from Oneida Lake were folded in the leaves 
of Potamogeton natans. They were collected at stations X 
and XL. The larva of Bellura melanopyga (Grote) 
(Noctuide) departs radically from the habits of the larve 
(caterpillars) of other members of the order. The eggs are 
probably laid on a pond lily leaf which the newly hatched 
caterpillars proceed to mine and feed upon. The last aquatic 
period (petiole period) is passed in the petiole of the leaf. 
Sunfish are said to feed upon this larve when the latter is 
swimming on the surface of the water (Welch, 1914, p. 112). 
Determined by Dr. P. 8S. Welch. 

ORDER DIPTERA (Flies). 

Famity Curronomip# (Midges). 

Chironomus species. 

Larve and pup of species of this genus were in the 
stomachs of the Manitou Darter and the Chain Pickerel. 

Faminty Curtcrpm (Mosquitos). 

Corethra species. 

Larve of this genus were found in the stomach of the 
Chain Pickerel. 

Mr. John R. Malloch, of Urbana, Illinois, is at work 
on the larval Diptera obtained from the stomachs of fishes, 
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and the result of his studies will be published in a later 
paper. In the percentages the small flies are given provision- 
ally as “chironomid larvae.” The papers by Malloch, 
Needham and Johannsen, listed in the bibliography, contain 
a large amount of information on these insects, so important 
as food for many fishes. 

ORDER COLEOPTERA (Beetles). _ 

The Coleoptera were identified by Mr. W. J. Gerhard. 

Famity Dyriscrpa (Predaceous Diving-beetles). 

Laccophylus maculosus Germ. 
Station XXX, habitat 1. 

Hydrovatus pustulatus Mels. From stomach of Painted 
Terrapin. 

Famity Gyrinip® (Whitligig-beetles). 

Gyrinus ventralis Kirby. 
Very common at station IV. 

Dineutes hornii Roberts. 

Station I. 

Dineutes asstemilis Aube. 

Station IV. 

Gyrinid larve. 

Station XITT. 
Famity Hatirerip2. 

Cnemidotus sp. 

Larva from stomach of Painted Terrapin. 

Faminry Hyproputiips (Water-scavenger Beetles). 

Tropisternus glaber Herbst. 

Stations XVI, common; XXX, habitat 1, common. 

Philhydrus cinctus Say. 

Station XXX, habitat 1, common. 

a 

* 
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: 
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Famity Parnipa (Water-penny Beetles). 

Psephenus lecontei Lee. 

The larva of this beetle lives on stones in running water 
and on exposed shores subject to violent wave action. It 
was very abundant at stations XVI, XXX, habitat 2, and 
station X X XITI. 

SUMMARY. 

The study of the biota associated with the Mollusea indi- 
sates that the various groups represented are fully as well 
developed as is the Mullusea. Comparisons of groups can- 
not be made at this time as in the majority of cases only such 
species were collected as were observed while collecting 
mollusks. The number of leeches (10) and eaddis-flies (10) 
is noteworthy, indicating an unusually large development of 
these groups. The use of Entomostraca as well as the larve 
of flies and May-fly and dragon-fly nymphs in large numbers 
by fishes as food indicates a great abundance of these 
animals. Seventy-seven aquatic species are recorded, but 
this number will without doubt be very largely increased 
when systematic search is made. <A rich harvest of inverte- 
brate life awaits the student who can give the time necessary 
for its collection and study. 
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CHAPTER IX. SUMMARY AND CONCLUSIONS. 

The facts brought out in the study of the 1915 field work 
may be summarized as follows: 

I. Oneida Lake is the largest body of inland water 
wholly within the State of New York. It is very shallow, 
the maximum depth being 55 feet, and its origin is different 

from that of the finger lakes, which are upwards of 600 feet 
in depth and occupy ancient, rock-cut river valleys. A 
shallow area borders the shore of Oneida Lake, approxi- 
mating 4,349 acres in extent. It varies from 200 to 1600 

feet in width and from 2 to 6 feet in depth. Within the 
12-foot contour is an approximate area of 8,343 acres which 

‘affords breeding and feeding grounds for fish. 

Il. The shallowness of the lake is coincident with a 
luxuriant growth of shoreward vegetation which in turn 
affords food and lodgement for a host of bottom-inhabiting 
animals, such as insects, mollusks, crustaceans, and leeches. 

Ill. The bottom of the shallow area bordering the shore 
is composed of sand, gravel or boulders, mud being confined 
to a few small isolated spots. The habitats are divisible into 
three main types; bouldery, mostly on exposed points; sandy, 
usually in bays more or less protected; and vegetation coy- 
ered, the latter being in sheltered and protected bays. 

IV. <A rich and varied mollusean fauna is present, is 
widely distributed, and includes upwards of 62 species and 
varieties, forming an animal population excelled in number 
of species and abundance of individuals by but few other 
American lakes. Thirty-three species of gastropods (snails) 
and 29 species of pelecypods (bivalves) are represented. 

V. There was found to be an abundant supply of fish 
food of all kinds, including Entomostraca, insects and insect 
larvee, crawfish, in addition to mollusks. The examination 
of the stomach contents of 130 fishes add new information 
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on the food of these animals. The fact of the change of 
food habits coincident with growth, first elaborated by 
Forbes, was clearly indicated by the examination of fishes 
of various ages, from infancy to maturity. Of the 41 species 
of fish in hie Take, 18 are mollusk-eaters, more or less, or 
about one-half. The Pumpkinseed consumes mollusks to the 
extent of 66 per cent., the Common Sucker 30 per cent., and 

the Yellow Perch 10 per cent. The fishes naturally divide 
themselves into types characteristic of certain feeding habits: 
as bottom-feeders, eating mollusks, insects and other animals 
inhabiting this region, and plankton-eaters, including nearly 
all young fish and some adults, taking the food near 
the surface or in the water above the bottom. This analysis 
may be carried further to include peculiarities of food, 
mollusk-eaters, insect-eaters, plankton-eaters,  fish-eaters, 

plant-eaters, mud-eaters, scavengers, and lastly those which 
are omnivorous, 

VI. A summary of our knowledge concerning the use 
of mollusks as food by fish shows that 46 out of 225 (about 

one-fifth) species of fresh-water fishes inhabiting New York 
and Illinois consume mollusks more or less, the ratios run- 
ning from 1 to 100 per cent., and being 31.50 per cent. for 
25 ‘of the most important food and game fishes. Several 
valuable food and game fishes, as the pike, feed upon other 
mollusk-eating fishes which are of themselves of little direct 
value, but which become economically valuable when they 
furnish food for these valuable food and game fishes. This 
indirect molluscan food supply forms 15 per cent. or about 
one-sixth of the food of the important fish-eating food and 
game fishes. 

VII. It was found that representatives of nearly all 
classes of animals prey upon mollusks, thus entering into 
competition with the mollusk-eating fishes for the food 
supply. It is noteworthy that many of these predatory 
animals, as insects and leeches, form the food of fishes, thus 
again indicating the interrelation between the different forms 
of life in the lake. 



ig. 49. A flat-bottomed dredging boat rigged with two crowfoot 
dredges, with typical fisherman, McGregor, Iowa. Note the 
shore strewn with dead shells. This is an example of the 
waste of raw material which has now largely ceased follow- 
ing the educational movement inaugurated by the U. S. 
Bureau of Fisheries through the biological station at Fair- 
port, Iowa. Photograph by Frank M. Woodruff. 

Fig. 50. Summer Fleld Laboratory at the outlet near Brewerton. 
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VIII. Provisional quantitative studies on the amount of 
mollusk food present in the lake were made by counting the 
number of individuals in a unit area about one foot square. 
The number ranged from 4 to 163. In the thick vegetation 
in the outlet to the Oneida River an area of fifty-five acres 
was estimated to contain 435 million individuals of the small 
snail Bythina tentaculata, which is eaten by the Pumpkin- 
seed and possibly by other fishes. 

IX. The layer of dead organic matter covering the bot- 
tom, described by Petersen as the dust-fine detritus, is 
believed to furnish food for a number of mollusks, and pos- 
sibly some fish (see Forbes, 1888, b, p. 491, mud-eaters) 
such as Pumpkinseed, suckers and catfishes, which are bot- 
tom feeders. This material is said by Petersen (1911, p. 
27) to form a large proportion of the organic substance held 
in suspension in the water and is probably used, together 
with the protophyta, to a greater extent than the animal 
plankton by the pelecypods or clams. Its use by some snails 
and other animals cannot be doubted. 

CoNCLUSIONS., 

The point which stands out clearly, after completing the 
studies outlined in the previous pages, is that to understand 
the fish life of any body of water it is absolutely necessary 
to know the entire fauna and flora of this body of water and 
the relation of the biota to the fish under investigation. 
This point of view was clearly indicated by Forbes over 
thirty-five years ago (1880, p. 18) when he stated that 
‘““ Nowhere can one see more clearly illustrated what may 
be called the sensibility of such an organic complex — 
expressed by the fact that whatever effects any species 
belonging to it, must speedily have its influence of some sort 
upon the whole assemblage. He will thus be made to see 
the impossibility of studying any form successfully out of 
relation to the other forms — the necessity for taking a com- 
prehensive survey of the whole as a condition to a satis- 
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factory understanding of any part. If one wishes to become 
acquainted with the black bass, for example, he will learn 
but little if he limits himself to that species. He must evi- 
dently study also the species upon which it depends for its 
existence, and the various conditions upon which these 
depend. He must likewise study the species with which it 
comes in competition, and the entire system of conditions 
affecting their prosperity. Leaving out any of these, he is 
like one who undertakes to make out the construction’ of a 
watch, but overlooks one wheel; and by the time he has 
studied all these sufficiently, he will find that he has run 
through the whole complicated mechanism of the aquatic 
life of the locality, both animal and vegetable, of which his 
species forms but a single element.” 

“In such a general survey of the plants and animals of a 
region, the study of their food relations will be found to 
afford an admirable objective point. Doubtless, of all the 
features of the environment of an individual, none affect it 
at the same time so powerfully, so variously and so inti- 
mately as the elements of its food. ‘ Even climate, season, 
soil, and the inorganic circumstances generally, influence an 
animal through its food quite as much as by their direct 
action. It is through the food relation that animals touch 
each other and the surrounding world at the greatest number 
of points, here they crowd upon each other the most closely, 
at this point the struggle for existence becames sharpest and 
most deadly; and, finally, it is through the food relation 
almost entirely that animals are brought in contact with the 
material interests of man. Both for the student of science 
and for the economist, therefore, we find this subject of 
peculiar interest and value. It includes many of the most 
important relations of a species, and may properly be made 
the nucleus about which all the facts of its natural history 
are gathered.” 

If the statement of Forbes be true, and all who have 
studied the subject even slightly will assuredly agree that it 
is, then there is a large amount of work still to be done 

| ae 
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before our knowledge of the food habits of fishes is complete. 
There are many species the food of which is unknown, and 
of those species that have been given some study much 
remains to be learned. <A fact brought out in the chapter on 
“ Mollusks as Food of Fishes”? was that a species may feed 
upon a class of animals, as the mollusks, in one body of 
water and the same species may prefer a totally different 
kind of animals, as the Entomostraca, in another body of 
water. The food of the Common Whitefish in the Charle- 
voix region and in Walnut Lake is an example of this 
variation in food habits. 

It is the culture of these animals that demands the 
greatest amount of reliable information. In the past some 
of the fish culture has been haphazard, fish fry and finger- 
lings being introduced into bodies of water without knowing 
whether the natural conditions were favorable or the food 
supply sufficient and of the right variety for their growth 
and multiplication. Before a planting is undertaken, it 
would seem the part of wisdom to know the food habits of 
the fish to be introduced and the general biology of the 
aquatic medium into which the fishes are to be placed. Thus 
we should know that the body of water contains plants for 
protection and suitable grounds for breeding, food sufficient 
in quantity and of the right kind, and the presence or 
absence of natural enemies which might seriously affect the 
increase of the planted fish. In other words there must be 
as nearly as possible a balance between the vegetation — the 
fish — and the food supply. Fish will be present and will 
persist in a body of water in proportion as the food supply is 
abundant or meagre and as the enemies are abundant or few 
in number. This interrelation and interdependence of ani- 
mals, as regards their food, is illustrated by the appended 
tables showing the food of several familar fishes (see end of 
chapter). The primitive food of all animals is the inorganic 
matter in solution in the soil, water or air, which the plants 
convert into available food for animals, which are either 
herbivorous or carnivorous. ‘The microscopic plants and the 
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dust-fine detritus form the basal food which is eaten by 
a host of small animals — Protozoa, Rotifera, Crustacea, 
and Mollusca. The protophyta and detritus increases 
with marvelous rapidity under favorable conditions and 
are thus able to form an extensive food supply. All 
animals may be divided into producers and consumers, the 
former including those animals that feed on the detritus, 
the protophyta ad the higher plants, and the latter consist- 
ing of all predatory animals, which include the majority of 
fishes. From the lmited studies made in 1915 it would 
seem that there is an adequate food supply sufficient to sup- 
port a large animal population, and as the lake is free from 
extensive sewage and chemical pollution it is favorable for 
the propagation and growth of an extensive fish fauna. 

TE. ul = 

SUGGESTIONS FOR FURTHER StuDy oF THE LAKE. 

There should be made a series of year-round observations 
on the aquatic life of Oneida Lake. These should be by 
months and should include the winter season as well as 
the more favorable summer, spring and fall seasons. That 
the fish life in the lake is more or less active through the 
winter season is known, but. what these animals use for food 
is not well known. Little is known concerning the winter 
habits of the bottom fauna. How do the mollusks spend the 
winter? Campeloma, Goniobasis, Amnicola, and some of 

the clams are believed to burrow in the bottom. But in 
the Mississippi River, the mussel fishermen gather clams all 
winter and the mussels are apparently in an active condition. 
Physa, Lymnea, and other snails have been seen active in 
brooks and streams when the surface of the water was frozen 
over. Winter studies would be of great interest and value. 

The biological survey, especially as it relates to the Mol- 
lusca, should be extended to cover the shallow area around 
the center and east end of the lake. Dredgings should also 
be made in the deeper parts of the lake with the crowfoot 
and other dredges (Figs. 49, 50). Quantitative studies of 
the fool supply ‘should be conducted by the Petersen method 
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as outlined in Chapter III. Experiments should be made to 
ascertain the rate of consumption of the food supply by mol- 
lusks and other animals. A large number of examinations 
of the stomach contents of fish should be made,* and if pos- 
sible, the amount of food taken per day should be ascer- 
tained. ‘To accurately determine the relation between the 
amount of food and its rate of consumption by fishes some 
exact data of this kind is necessary. 

The study of a body of water such as Oneida Lake brings 
out certain fundamental facts of great significance, which 
have nowhere been better stated than by Forbes in an address 
printed many years ago (1887, p. 1), and his terse descrip- 
tion may fittingly close this report. ‘‘ The animals of such 
a body of water are, as a whole, remarkably isolated,— 
closely related among themselves in all their interests, but 
so far independent of the land about them that if every 
terrestrial animal were suddenly annihilated, it would doubt- 
less be long before the general multitude of the inhabitants 
of the lake would feel the effects of this event in any import- 
ant way. ‘One finds in a single body of water a far more 
complete and independent equilibrium of organic life and 
activity than on any equal body of land. It is an islet of 
older, lower life in the midst of the higher, more recent life 
of the surrounding region. It forms a little world within 
itself,— a microcosm within which all the elemental forces 
are at work and the play of life goes on in full, but on so 
small a scale as to bring it easily within the mental grasp.” 

* In this connection it may be said that fish caught in fyke or trammel 
nets are usually worthless for study if allowed to remain in the net too 
long, digestion having proceeded to such an extent before they are 
released that the food contents are almost wholly unrecognizable. 
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Foop Tasies oF Four Common FisyHes. 

In these tables only the commonest food species are listed 
to illustrate the interdependence of all organisms. A com- 
plete list of all food interrelations of a single species would 
occupy several pages. Table 23, illustrating the principal 
food relations of aquatic organisms, is modified from that of 
Forbes (1914). Suggestions for tables 19-22 have been 
received from the food table by J. E. Reighard (1894, page 
24), 
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48, 50, 53, 54, 56, 58, 62, 64, 65, 
66, 70, 75,77, 80, 82, 83, 92; 93, 
95, 96, 102, 165, 186, 187, 271, 

306, 321, 322. 
Helix, 230. 
Helix nemoralis, 267. 
Hellbender, 229. 
Helsingfors, 111. 
Hemiptera, 189, 190, 194, 304. 

Hensen, 119. 
Heptagenia, 177, 183, 185. 
Herkimer County, 284. 
Herrick, 301. 
Herring, toothed, 159, 213. 
Heterostomum echinatum, 239. 
Hexagenia, 163, 169, 173-177, 183, 

185, 191, 322. 
Hexagenia bilineata, 302. 
Hexapoda, 302, 322. 
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Hickory-shad, 159. 
High Island, 110, 144. 
Hiodon tergisus, 159, 214. 
Hirudinea, 40, 47, 65, 75, 83, 89, 

93, 95, 99, 100, 231, 233, 296. 
Hirudinide, 298. 
Hogsucker, 167, 212. 
Hopkins, 34. 
Hornwort, 39, 44, 50, 54, 65, 68, 

86, 88, 89, 99, 100, 294. 
Housefly larvee, 225. 
Howard, A. D., 219, 220, 222. 
Howard, L. O., 225. 
Hudson Valley, 32. 
Humie acid, 119. 
Hyalella knickerbockeri, 54, 59, 99, 

104, 166, 172, 177, 181, 182, 187, 
195, 196, 231, 232, 302, 321, 322. 

Hyalella, 192. 
Hydra, 295. 
Hydrobatidie, 305. 
Hydrocharitacer, 293, 
Hydrogen sulphide, 118, 119. 
Hydrophilid, 96, 168-170, 

198. 
Hydrophilide, 308. 
Hydroptila, 53, 306. 
Hydroptilide, 306. 
Hydropsychide, 307. 
Hydrovatus pustulatus, 231, 232, 

308. 
Hyella fontana, 245. 
Hymenoptera, 232. 

179, 

Ick Houser Bay, 48, 55. 
Ictalurus punctatus, 173, 222. 
Ietiobus bubalus, 163, 177, 213. 
Tetiobus cyprinella, 163, 177. 
Ictiobus urus, 1638. 
Illinois Ice Sheet, 34. 
Illinois River, 162, 171, 182, 190, 

198, 210. 
Infusoria, 157, 238-240, 244, 295. 
Insecta, 40, 41, 46, 47, 48, 50, 52, 

53, 54, 56, 58, 59, 64, 65, 66, 70, 
74, 75, 77, 80, 82, 83, 88, 89, 92, 
93, 95, 98, 99, 101, 102, 104, 155- 
161, 164-178, 180-184, 186, 189- 
198, 202, 203, 206, 209, 229, 230- 
236, 245, 298, 310, 319-322. 

Tridacee, 294. 

Index 

Iris versicolor, 60, 72, 87, 93, 105, 
294. 

Isely, 219-221. 
Isle Royale, 236, 251, 253, 255, 256, 

260, 261, 268, 271, 276, 279-285, 
287, 288. 

Isopoda, 302, 322. 

JAMESVILLE, N. Y., 177, 200. 
Jay, 247. 
Jensen, 115, 117, 118. 
Johannsen, 308. 
Jordan, 162, 195. 
Judd, 234. 
Juday, 210. 

KANKAKEE RIVER, 145, 241. 
Kelly, 239. 
Kendall, 163. 
Kennicott, 236. 
Kentucky, 234. 
Killdeer, 235. 
Killifish, 171, 212, 273, 281. 
Killy, fresh-water, 179, 212, 263, 

281. 
Kinosternon odoratum, 230, 246. 
Kirtland, 282. 
Kofoid, 162, 210. 

LABIDESTHES SICCULUS, 180. 
Laccophilus maculosus, 74, 94, 

308. 
Ladd Bay, 180. 
Ladd Point, 180. 
Lake Canadarago, 284. 
Lake Chautauqua, 240, 288. 
Lake Cobalt, 150. 
Lake Cross, 259. 
Lake Dawson, 33. 
Lake Douglas, 167, 185, 

196. 
Lake Erie, 109. 
Lake Huron, 109, 110, 111, 301. 
Lake froquois, 32. 
Lake Little, 284. 
Lake Mendota, 162, 185, 188, 191. 
Lake Meredosia, 162. 
Lake Michigan, 110, 112, 190, 191, 

255, 260, 261, 265, 267, 269, 272. 
Lake Monona, 191. 
Lake Ontario, 32. 

188, 191, 
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Lake Pine, 41, 110. 
Lake Plymouth, 145. 
Lake Pretty, 146. 
Lake Reed, 283. 
Lake Rush, 268. 
uake St. Clair, 109, 112. 
Lake Schuyler, 284. 
Lake Twin, 244. 
Lake Walnut, 160, 166, 168, 181, 

183, 185, 188, 191, 196, 222, 315 
Lake Wingra, 191. 
Lake Winnebago, 34, 162. 
Lake Winona, 146. 
Lake of the Woods, Ind., 145. 
Lake of the Woods, Can., 257. 
Lamprey, 71, 165, 176, 298. 
Lampsilis, 131, 221, 249, 256. 
Lampsilis anodontoides, 210. 
Lampsilis borealis, 57, 71, 75, 76, 

82, 87, 88, 90, 95, 101, 105, 106, 
124, 142,143, 222, 237, 246, 2 
257, 267, 287. 

Lampsilis cariosa, 239. 
Lampsilis iris, 57, 63, 92, 106, 124, 

142, 143, 222, 257, 259, 287. 
Lampsilis ligamentina, see Ne- 

phronajas. 
Lampsilis luteola, 57, 64, 69, 71, 

75, 92, 95, 96, 122, 124, 142-146, 
222, 237, 240-242, 246, 256, 257, 
263, 287, 288. 

Lampsilis luteola rosacea, 257. 
Lampsilis nasuta, 239. 
Lampsilis novi-eboraci, 257. 
Lampsilis purpurea, 239. 
Lampsilis radiata, 38, 41, 46, 47, 

57, 64, 69, 70, 71, 75, 76, 80, 82, 
83, 87, 90, 92, 95, 100, 101, 106, 
122-124, 142, 143, 222, 237, 239, 
246, 256, 257, 259, 263, 287. 

Lampsilis siliquoides, 256. 
Lantz, 236. 
Lawyer, 199. 
_Lea, 247, 306. 
Leech, horse, 298. 
Leech, snail, 297. 
Leeches, 40, 47, 51, 65, 75, 83, 86, 

89, 93, 95, 99, 100, 150, UGS T, 
183, 185, 227, 231, 245, 296, 297, 
309, 310. 

Lefevre, 219-221. 
Leidy, 238, 239. 
Lemna, 150, 169, 
Lemnacee, 294, 
Lepidoptera, 307. 
Lepomis humilis, 222. 
Lupomis megalotis, 183, 205. 
Lepomis pallidus, 182, 222. 

Leptocella, 41, 52, 56, 62, 77, 80, 

82, 88, 89, 92, 95, 96, 101, 172 
188, 306. 

Leptoceride, 306. 
Leptocerus, 53, 96, 306. 
Leptodora hyalina, 162, 300. 
Leptodoride, 300. 
Leptops olivaris, 222. 
Leptothrix, 147. 
Letson, 247, 257, 

265, 271. 
Leucichthys tullibee, 16 

Lewis, 247, 263-265, 27 

Libellulide, 266, 304. 
Lily, cow or yellow water, 37, 

44, 45, 50, 51, 53, 54, 65, 68, 76. 
81, 84, 96, 98, 99, 101, 

275, 276, 280, 282, 284, 204. 
Lily, sweet-scented water or white, 

37, 39, 44, 45, 50, 53, 54, 65, 68, 
76, 81, 84, 96, 98, 99, 267, 273, 
276, 280, 282, § 284, 294, 

Lily pads, 148, 149, 210. 
Lily, water, 139, 150, 

283, 297. 
Limfjord, 115. 
Limnephilid, 80, 98. 
Limnephilide, 305. 
Limnocalanus, 180. 
Limpet, fresh-water, 175. 
Ling, 199, 295, 301. 
Linlithgo hatchery, 158. 
Lintner, 288. 
Lioplax subcarinata, 
Little Island, 32. 
Littorinas, 285. 

Lockport Limestone, 34. 
Lohmann, 119. 
Liver-fiuke, sheep, 239. 
Long Island, 32, 82, 99, 103, 244. 
Long Point, 30, 69, 70, 71, 79. 

173, 174. 

260, 261, 264, 

1h 

5. 

268, 275, 

173, 212. 
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Loosestrife, swamp, 38, 42, 44, 51, 
53, 60, 72, 75, 76, 84, 86, 93, 99, 
101, 295. 

Lota maculosa, 199. 
Lower South Bay, 30, 31, 70, 165, 

Lik, WG, Wary W825 1865 1925 194. 
Lutra canadensis, 237, 246. 
Lymnea, 103, 110, 112, 133, 135, 

136, 144, 149-152, 58, 159, 168, 
173, 206, 212, 225, 227, 245, 246, 
249, 264, 281, 282, 297, 316. 

Lymnea ovata, 244, 
Lymnea peregra, 226, 246. 
Lymnea reflexa, 149. 

Lymnea stagnalis, 131, 149, 226, 
228, 244, 246, 282. 

Lymniea stagnalis appressa, 149- 
151. 

Lymnea stagnalis lilliane, 46, 50, 
Di OssOOnm OS ls (4, elon OO) 
81, 83, 92, 93, 100, 107, 109, 121, 
130, 137, 139, 141-143, 150, 151, 
228, 246, 248, 272, 275, 281, 282, 
287, 296. 

Lymnea stagnalis 
282. 

Lymnveide, 281. 
Lynceide, 299. 
Lyngbya, 147. 
Lythracee, 295. 

sanctemarie, 

MACROTHRIX LATICORNIS, 175. 
Macrura, 301, 
Madison, Wis., 218. 
Maine, 235. 

Malacostraeca, 301. 
Malloch, 307, 308. 
Mammals, 245, 323. 
Manitoba, 256, 271, 283. 
Maple Bay, 28, 30, 71, 298. 
Margaritana, 249, 252. 
Margaritana margaritifera, 54, 57, 

58, 60, 83, 88, 92, 95, 128, 124, 
126, 142, 222, 245, 251, 252, 267, 
287. 

Margaritanide, 252. 
Marilla affinis, 234, 246. 
Marsh, 162, 300, 301. 
Marsh gas, 118. 
Marshall, W. S., 159, 181, 185, 

191. 

Marsupia, 219, 220. 
Man, 323. 
Mancasellus, 190. 
Maumee River, 145. 

May-fly nymphs, 167, 179, 81, 
183, 185, 190, 191, 197, 201=208, 
206, 208, 209, 302, 303, 309, 319. 

McAtee, 234, 235. 
MacGillivray, 338. 
McGregor, Ia., 312. 
Merismopedia, 147. 
Melosira, 147. 

Merriam, 236, 237. 
Melantho, 158, 159, 230, 265. 
Methane, 118. 
Microcoleus lacustris, 245. 

Microcosm, 317. 
Micropterus dolomieu, 188, 213. 
Micropterus salmoides, 188, 213, 

229 

Midges, 181, 202, 203, 231. 
Midge larve, 160, 161, 166, 173, 

177-183, 185, 191, 196, 206-208. 
Miller, 294. 
Miller’s thumb, 203. 
Milner, 158. 
Milton Point, 40, 42, 45, 47, 49, 

55, 88, 89. 
Minerals in water, 319-323. 
Mink, 235, 237. 

Minnow, 93, 159, 173, 189; 191, 
212. 

Minnow, carp, 214. 

Minnow, mud, 177, 
281. 

Minnow, steel-colored, 212, 282. 
Minnow, top, 179, 212, 218, 273. 
Minnow, viviparous, 180, 212, 273, 

281. 
Minytrema melanops, 164. 
Mohawk River, 284. 
Mohawk Valley, 32. , 
Molanna, 53, 60, 80, 96, 306. 

Mollusea, 39, 41, 44, 47, 50, 52, 53, 
54, 56, 57, 58, 59, 63, 64, 65, 66, 
68, 69, 70, 74, 75, 77, 78, 80, 83, 
84, 86, 87, 88, 89, 92, 93, 95, 98— 
102, 104, 153-160, 163-177, 179- 
186, 189, 194, 203, 208-211, 218, 
224-935, 252, 309, 310; 316; 319) 
321-323. 

212, 218, 273, 
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Molluscoidea, 296. 
Monocotyledone, 292. 
Monostoma lucania, 238. 
Monroe Co., N. Y., 249. 
Montezuma marsh, 32. 

Mooneye, 159, 212, 214. 
Moore, E., 144. 

Moore, J. P., 227, 292, 296, 297. 
i 

Moths, 307. 
Moxostoma aureolum, 167, 169. 
Moxostoma breviceps, 169. 
Moxostoma macrolepidotum, 147, 

169. 
Mudfish, 177. 
Mud puppy, 229. 
Musculium, 198, 212, 249, 260, 

320. 
Musculium rosaceum, 75, 95, 106, ) 

124, 142, 143, 248, 260, 271, 287. 

Musculium securis, 75, 78, 95, 106, 
2a Ge a2 43) 149 61 93) 
Pa een 2605 20 Lu 28 taw2oo- 

Musculium truncatum, 149. 
Mirsknat, (6, 200, 206, 252, 2da- 

Muskrat Bay, 63, 66, 73. 
Mussel fishermen, 316. 
Mussels, 158, 189, 209, 219, 220, 

236, 237, 238,°240, 241, 244. 
Mussels, opening by muskrats, 

236. 
Myriophyllum spicatum, 39, 44, 

54, 65, 86, 88, 89, 99, 100, 150, 
295. 

Mysis relicta, 160. 

Nais,. 182. 
Najadacce, 292. 
Navicula, 145-147. 
Necturus maculosus, 229, 246. 
Needham, 205-208, 214, 289, 224, 

225, 228, 229, 302-305, 308. 
Nemathelminthes, 296. 
Nematoda, 145, 202, 204, 231, 233, 

296. 
Neophylax, 58, 102, 305. 
Nephelopsis obscura, 227, 246, 
Nephronajas, 249, 259. 
Nephronajas ligamentina, 75, 95, 

106, 239, 240-242, 251, 259, 287. 
Nepide, 305. 

Netrium, 147. 
Nets, 157, 317. 
Nettle, 82, 286. 
Neuroptera, 181, 183, 184, 

194. 
Newt, 228. 
Newt, green, 229. 
Niagara Falls, 200. 
Nicholson Bay, 36, 37, 172, 305. 
Noctuidee, 307. 
Norcross Point, 28. 
North Bay, 28. 
Notonecta, 225. 
Notonecta undulata, 74, 94, 305. 
Notonectide, 305. 

Notropis heterodon, 17 
Notropis hudsonius, 17 
Notropis whipplii, 173. 
Nymphea, 125, 128, 130, 297. 
Nymphea advena, 34, 37, 39, 40, 

43, 44, 45, 50, 51, 53, 65, 68, 73, 
76, 81, 84, 91, 96-99, 101, 104, 
139, 141, 267, 273, 275, 276, 280, 
282-284, 294. 

Nymphea americana, 294. 
Nymphecewe, 294. 
Nymphula, 307. 

190, 

3. 
Ife 

OponaTA, 165, 173, 175, 176, 18], 
182, 187, 190, 194, 195, 198, 201, 

224, 232, 233, 302-304, 322. 
Oecetis resurgens, 88, 101, 306. 
Ohio River, 199. 
Old Forge Pond, N. Y., 205. 
Old Man Point, 68, 69, 73. 

Oligocheta, 239, 240. 
Omphalina fuliginosa, 209. 
Omphalina inornata, 200. 
Ondatra zibethicus, 236, 246. 
Oneida County, Wis., 109. 
Oneida Creek, 31. 
Oneida River, 30, 32, 83, 87, 

286. 
Onondaga County, 249, 265, 268, 

269, 275, 276, 280, 283, 285. 
Opercula, 286. 
Ortmann, 219, 226, 252, 256, 301, 

302. 

Oscillatoria, 147. 
Ostracoda, 170, 185, 194, 206. 
Oswego River, 32. 
Oswego, N. Y., 267. 

264, 

oO 
fan] 
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Oxyechus vociferus, 235, 246. 
Oxygen, 118, 119. 
Oyster, 119. 

PALEMONETES, 190. 
Palingenia, 190, 198. 

Paludestrina nickliniana, 269. 

Paludina, 198. 
Pandorina, 147. 
Paraponyx, 307. 
Parasites, 224. 
Parasites of mollusks, 238-246. 

Parasites of fishes, 192, 193, 199, 
204, 238. 

Parnide, 309. 
Pearse, 218, 302. 
Pecatonica River, 171. 
Pectose, 118. 

Pediastrum, 145, 147. 
Pediastrum baryanum, 145. 
Pediastrum pertusum, 146. 
Pekin, IJll., 171. 
Pelecypoda, 252, 259. 

Peoria, Ill., 190. 

Perea, 189, 199, .242. 
Perea flavescens, 154, 189, 208, 

2 A 2A 225. 242 320) 
Perch) 545, 155, 19I—194.7 212, 

PAN et, Allis 
Perch, American, 189. 
Perch, log, 194. 
Perch, pirate, 225. 
Perch, white, 197, 213, 214. 
Perch, yellow, 189, 208, 214, 22 

223 22522 259-9200) 269. 20 
286, 295, 299-302, 304, 311, 32 

Percina, 189. 
Percina caprodes, 214. 
Percina caprodes zebra, 194. * 
Perla, 58, 102, 244, 304. 
Perlide, 304. 
Perthostoma, 225. : 
Petersen; 15:5 1b73, 19: 1205 152, 
2Oeeole eeoiGs 

Phacus, 146. 
Phacus longicaudus, 145. 
Phillips Point, 28. 
Philhydrus cinctus, 74, 94, 303. 
Phryganeide, 182, 190, 195. 
Phylactolemata, 296. 

Index 

Phyllopoda, 299. 
Phylocentropus, 62, 96, 307. 
Physa, 78, 108, 129, 131, 133-136, 

144, 148, 149, 152, 158, 160, 168, 
174-176, 180, 183-185, 212, 218, 
224, 225, 230, 246, 249, 272, 275, 
316. 

Physa anatina, 243. 
Physa ancillaria, 148, 161, 

191, 212, 272, 288. 
183, 

Physa ancillaria magnalacustris, 
110. 

Physa ancillaria warreniana, 39, 
42, 44-47, 50, 51, 56, 57, 62-64, 
66, 69, 70; 71, 74, 75, 77% (8,30: 
81, 83, 86-89, 92, 93, 95, 96, 98— 
100; 102; 105; 107, 109) T2123, 
124, 126, 130, 131, 1386-148, 172, 
W765 L8is 212, 215. Qipao 
212, 213, 282, 287. 

Physa gyrina, 51, 59, 102, 104, 
107, 130, 139, 141, 149, 200, 243, 
271, 273, 275, 287, 289. 

Physa heterostropha, 148, 149, 
176, 191, 200, 205, 212, 228, 229, 
238, 242, 246, 248, 272, 275, 288, 
289. 

Physa integra, 42, 57, 70, 71, 80, 
95, 107, 142, 1438, 149, 271, 273, 
287, 289. 

Physa niagarensis, 273. 
Physa sayii, 272. 
Physide, 272. 
Pickerel, 213, 301, 319. 

Pickerel, chain, 177, 201, 
303, 307. 

Pickerel grass, 225. 
Pickerel-weed, 38, 39, 42, 45, 48, 

50, 53, 60, 64, 65, 68, 76, 77, 81. 
94-99, 137, 267, 273, 277, 279, 
280, 282, 285, 294. 

Pietérs, 31, 114, 291, 292. 
Pigeon River, 279. 
Pike, 311. 
Pike, common, 177. 
Pike, grass, 201. 
Pike, green, 177. 
Pike, sand, 2138, 222. 
Pike, wall-eyed, 213. 
Pilsbry, 268. 

296, 
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Pisidium, 95, 96, 107, TO: 212. 
126, 134, 144, 148, 160, 176-179. 
137, 198, 212, 215, 217, 227, 246- 
249, 261, 263, 287, 297, 321. 

Pisidium abditum, 45, 53, 60, 80, 
161, 212, 288. 

Pisidium quilaterale, 60, 95, 
107, 126, 142, 143, 248, 261, 271, 
287. 

Pisidium compressum, 45, 53, 96, 

106, 126, 142, 143, 261, 271, 287. 
Pisidium compressum levigatum, 

45, 60, 80, 95, 96, 106, 126, 134, 
142, 143, 248, 261, 271, 287. 

Pisidium ferrugineum, 80, 95, 106, 
142, 143, 261, 287. 

Pisidium henslowanum, 60, 107, 
142, 143, 165, 212, 215, 248, 261, 
287, 322. 

Pisidium variabile, 45, 60, 80, 95, 
BG eLO7,, 126; 134, 142. 143° 261, 
Zilla e287. 

Placobdella montifera, 227, 246. 
Placobdella parasitica, 51, 297. 
Placobdella phalera, 65, 95, 297. 
Placobdella picta, 40, 99, 100, 297. 
Placobdella rugosa, 41, 95, 297. 
Placopharynx carinata, 169. 
Placopharynx duquesnei, 169, 212, 

271. 
Plaice, 115. 
Planaria, 192, 295. 
Plankton, 117, 119, 137, 143-146, 

154, 155, 183, 191, 210, 211; 298, 
313. 

Planorbis, 78, 103, 110, 123, 130, 
135, 136, 144, 150-152, 158, 159, 
164, 168, 173, 178-180, 183-187, 
194, 197, 198, 209, 212, 218, 225, 
230, 235, 238, 246, 249, 276. 

Planorbis albus, 234, 246, 280. 
Planorbis antrosus, 38, 47, 56, 57, 

62, 63, 70, 71, 78, 80, 81, 92, 95, 
107, 124, 126, 131, 137, 138, 141- 
143, 148, 149, 186-188, 200, 212, 
215, 217, 277, 279, 287-289, 321. 

Planorbis antrosus portagensis, 
125, 212. 

Planorbis bicarinatus, 148, 149, 
277, 279, 288. 
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Planorbis binneyi, 46, 56, 57, 63. 
75, 81, 83, 92, 107, 109, 121, 126 
139, 141-143, 248, 272, 275, 277. 
282, 287. 

Planorbis campanulatus, 38, 39. 
42, 44-47, 50-53, 56, 57, 62-65, 
68-71, 74, 77, 78, 80, 81, 83, 84, 

86-89, 92, 95, 96, 98-102. 105, 

LOM E2IS12.4- 196% 130, 131.134 
137-143, 148, 151, 186, 187, 200, 
2D 2165217. 

Planorbis corneus, 244. 
Planorbis erista, 149. 
Planorbis deflectus, 148, 171. 212. 

Planorbis exacuous, 80, 95, 100, 
107, 130, 188-141, 148, 187, 212, 
21D. Aliesed ls OBl., 287, 321. 

Planorbis hirsutus, 39, 45, 46, 57, 

59, 62, 64, 69, 78, 81, 87, 92, 93, 
95, 96, 99, 100, 104, 107, 121, 
122, 124, 130, 131, 134, 139, 140, 
148, 165, 195, 212, 215, 217, 271, 
230, 287. 

Planorbis lentus, 277. 

Planorbis parvus, 80, 88, 95, 100, 
107, 130, 138-141, 144, 148, 160, 
188; 210, 2122215):238 271280: 
287, 288. 

Planorbis trivolvis, 39, 50, 57, 59. 

1074150818: (80, Sls Bi49s- 
95, 98-100, 104, 105, 107, 126, 
129, 130, 137-141, 148, 149, 158, 
212, 217, 243, 275-277, 287-289. 

Planorbide, 276. 

Plants, 290. 

Plants, higher, 319-323. 

Platycentropus maculipennis, 77, 
98, 305. 

Platyhelminthes, 192, 193, 295. 
Platypeltis muticus, 230, 246. 
Plea striola, 231, 232, 305. 
Plecoptera, 302, 304. 

Plectonema terebrans, 244, 245. 
Pleurocera, 173, 212. 
Pleurocera elevatum, 243. 
Pleuroceride, 269. 
Pleurosigma, 145, 147. 
Pleuroxus, 180, 190. 
Plover, 234. 
Plover, upland, 235. 
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Plumatella, 151, 165, 170, 181, 182, 
188, 282, 296, 322. 

Poddygut Bay, 53, 54, 55. 
Poddygut Point, 53, 54, 55. 
Peecilichthys, 191. 
Polycentropid, 88, 89, 307. 
Polycentropus, 101. 
Polygyra, 286, 296. 
Polygyra albolabris, 200. 
Polygyra sayana, 200. 
Polygyra thyroides, 82, 200, 286, 

287. 
Polygyra tridentata, 200. 
Polyphemus pediculus, 299, 300. 
Polyphemid, 300. 
Pomobolus chrysocharis, 222. 
Pomoxis annularis, 222, 225. 
Pomoxis sparoides, 222. 

Pond-lily, white, see Lily. 

Pond-lily, yellow, see Lily. 
Pond-snail, Lillians, 228. 

Pond-snails, 158, 230, 239, 246. 

Pond-weed, 37, 108, 268, 276. 

Pond-weed, clasping-leaved, 39, 44, 
50, 51, 54, 65, 68, 86, 88, 89, 99, 

100, 102, 292. 
Pond-weed, floating, 37, 39, 44, 45, 

48, 50, 51, 53, 65, 68, 84, 96, 99, 
102, 189, 284, 292. 

Pond-weed, various-leaved, 88, 89, 

99, 292. 

Pontederia, 125. 

Pontederia cordata, 34, 38, 39, 40, 

42, 43, 45, 48, 49, 50, 53, 61, 64, 
65, 66, 68, 73, 76, 77, 81, 91, 94, 
96-99 104 US V4 26%, 273; 
277, 279, 280, 282, 285, 294. 

Pontederiacex, 294. 
Pontoporeia hoyi, 160. 
Porifera, 295. 

Potamogeton, 129, 130, 144, 148, 
149, 279. 

Potamogeton americanus, 144, 
276. 

Potamogeton  amplifolius, 144, 
276. 

Potamogeton heterophyllus, 88, 89, 
99, 293. 

Potamogeton natans, 34, 37, 39, 

40, 43, 44, 45, 48, 49, 50, 51, 53, 

55, 65, 68, 84, 96, 99, 102, 104, 
130, 139, 141, 282, 284, 292, 307. 

Potamogeton perfoliatus, 39, 44, 
50, 51, 54, 65, 68, 86, 88, 89, 99, 
100, 102, 292, 

Prosobranchiata, 252, 264 
Protococcus, 147. 

Protophyta, 313, 316. 
Protozoa, 173, 210, 238, 242, 295, 

316, 323. 
Psephenus lecontei, 58, 75, 83, 93, 

95, 102, 309, 
Pseudosuccinea, 129, 131, 249, 283. 

Pseudosuccinea columella, 39, 44, 
51, 99, 102, 107, 130, 139,. 141, 
148-150, 217, 271, 283, 287. 

Pseudosuccinea columella chaly- 
bea, 39, 99, 107, 130, 136, 139, 
TP Zl 2835 28K 

Pulmonata, 272. 
Pumpkinseed, 184, 201-205, 211— 

215, 217, 222; 259; 260; 2635 267— 
2695 271, 278, 279, 280; 2206s 
299) 1302, 306, SIN; Sills. ocle 

Putorius vison, 237, 246. 
Pyralide, 307. 

Pyramidula alternata, 200. 

QUADRULA PLICATUS, 236. 
Quillback, 164, 212. 

Rana, 178, 179. 

Rana catesbiana, 228, 246. 
Rana palustris, 229, 246. 
Rana pipiens, 228, 246. 
Rana temporaria, 242. 
Ranatra, 305. 
Raphidium, 147. 
Rauschenplat, 119. 
Red-eye, 181. 

Red horse, common, 167, 211-213, 

259, 264, 265, 267, 271, 273, 281, 
302. 

Red horse, short-headed, 169, 211— 
213, 264. 

Reighard, J. E., 114, 166, 181, 184, 
191, 196; 291,292) 318: 

Reighard, Paul, 161. 
Reproduction of Unio, long-period, 

22/1: 
Reproduction 

riod, 221. 
of Unio, short-pe- 



Index 

Reproduction 
221. 

Reproduction of Unio, winter, 221. 
Reptilia, 224, 228. 
Rhizopoda, 157, 295. 
Rhoads, 237. 
Rhopalocerca tardigrada, 239. 
Richardson, H., 302. 
Richardson, R. E., 

189, 198, 212, 302. 
Riley, 225. 
Riverside, Il., 136. 
Rivularia, 211, 292. 
Roach, 171. 
Robertson, 111, 147, 161, 247, 251, 

ZY Phe PASB WPA coe 
Robinson, 292. 
Rochester, N. Y., 264. 
Rochester shale, 34, 35. 
Roceus chrysops, 197, 222. 
Rock Pond, 300. 
Rotifera, 145, 210, 316, 323. 
Rubriacexe, 295. 
Ruthven, 229, 230. 

of Unio, summer, 

15/-159, 171, 

SAGINAW Bay, 110, 111, 112, 251 
253, 255-257, 260, 261, 265, 2 
271, 273, 275, 276, 279-281, 286- 
288. 

Sagittaria, 125. 
Sagittaria latifolia, 34, 38, 40, 42- 

44, 52, 64, 65, 68, 73, 76, 84-87, 
91, 93, 96, 98, 99, 101, 103, 105, 
137, 141, 273, 277, 280, 285, 293. 

St. Joseph River, 145. 
St. Lawrence River, 33, 253, 255— 

251, 273. 
St. Mary’s River, 145. 
Salamander, 220, 228, 245. 
Salamander, marbled, 229. 
Salamander, spotted, 229. 
Salicacee, 294. 
Salix nigra falcata, 44. 51, 60, 61, 

73, 96, 101, 294. 
Salmo fario, 208. 
Salmo irideus shasta, 210. 
Salmo sebago, 210. 
Salmo trutta levenensis, 208. 
Salmon, landlocked, 210. 
Salmon, 204. j 
Salt reed grass, 48, 293. 

Salvelinus fontinalis, 208. 
Sampler, bottom, 116, 
Sandpipers, 227. 
Saranac Inn, N. Y., 205, 208. 
Sargent, 284. 
Sauger, 222 
Say, 247, 272. 
Sayomyia, 160. 
Scapholeberis mucronata, 177, 
Scavengers, 311. 
Scenedesmus, 145-147. 
Scenedesmus caudatus, 145. 
Schilbeodes miurus, 177. 

Scirpus, si. PL. 125, 130: 
Scirpus americanus, 34, 38, 40, 42, 

43, 45, 47-49, 50, 53, 55-57, 60, 

61, 64, 65; 69; 70. 73; 76; 17,, 795 
82, 90, 91, 94, 96-99, 138, 140, 

141, 267, 273, 277, 280, 282, 285, 
293. 

Scirpus occidentalis, 34, 37-42, 48, 
90, 52, 53, 55, 56, 60-66, 68, 69, 

70, 73, 77, 79, 82, 84, 90, 94, 96, 

97, 99, 103, 104, 138, 141, 267, 
277, 279, 280, 285, 293. 

Scirpus smithii, 34, 37, 39, 42, 43, 
48,53, 60, 61, 72; 77, 85, 91,935 

98, 130, 140, 141, 284; 293. 

Scriba Creek, 32, 58, 59, 165, 275. 
Sculpin, common, 204, 296. 

Sedge, 36, 38, 39, 42, 53, 72, 76, 
82, 84, 86, 93, 108, 236, 293. 

Semotilus bullaris, 171. 
Semotilus atromaculatus, 171, 204. 
Seneca Lake, 33, 35. 
Sericostomatide, 306. 
Serpents, 323. 
Serverin, 225. 
Seton, 236, 237. 
Shackelton Point, 28. 
Shackelton Shoals, 28, 

Shad, gizzard, 154, 159, 
214, 

Shad, hickory, 159. 
Shafer’s boat landing, 86. 
Sharpe, 301. 
Shaw Bay, 28, 172, 176. 
Shaw Point, 49, 54-57, 61. 

Sheepshead, 154-156, 197, 
213.2222) 259. 26531 25k, 

299. 

32. 

17(,. 212- 

21 1— 
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Shelford, 135. 
Shepard Point, 30, 60, 67, 89, 105, 
Shiner, golden, 171, 211, 212, 215, 
2h 27 16273; (299; 3025 306: 

Shoveler, 234. 
Shrimp, fresh-water, 209, 238. 
Sialis, 160, 183. 
Sida erystallina, 299. 

Sidide, 299. 

Siluride, 189, 214. 
Silversides, brook, 180, 212, 218, 

223, 296), 299) 
Simocephalus, 180, 190. 
Simocephalus americanus, 175. 
Simocephalus vetulus, 299. 
Simpson, 247, 252, 257. 
Skipjack, 222. 

Slugs, 229, 230, 233, 246. 
Smallwood, 151, 191, 208, 242. 
Smith, B., 229. 
Smith, F., 109. 
Snails, 206, 227, 228, 229, 233- 

235, 245, 246. 

Snails, land, 230. 
Snails, pond, 230, 239, 246. 
Snake, water, 228. 
Snakes, 237. 
Snipe, 227, 234. 
Somatogyrus, 168, 249, 26 
Somatogyrus isogonus, 26 
Somatogyrus subglobosus, 42, 45, 

46, 57, 71, 10%, 126, 142, 143; 
PRT. 26k 2 bly 2Site 

Sophomore summer camp, 203. 

Sparganacee, 292. 
Sparganium euryearpum, 38, 40, 

42-44, 52, 64, 65, 68, 73, 76, 96, 
98, 99, 140, 141, 276, 292. 

Spartina cynosuroides, 48, 293. 
Spermatophyta, 292. 
Sphagnum, 149. 
Spherium, 110, 134, 155, 159, 160, 

163, 164, 167-169, 176, 183, 191, 
197, 198, 212, 218, 249, 259, 288, 
289. 

Spherium occidentale, 289. 
Spherium rhomboideum, 288. 
Spherium simile, 289. ‘ 
Spherium solidulum, 149, 260. 

Spherium striatinum, 56, 65, 96, 
106, 142, 148, 160, 212, 259, 271, 
287, 288. 

Spherium suleatum, 164, 176, 212, 
288, 289. 

Spherium vermontanum, 41, 45, 
523953, 51, 60S 64.66, 70h eeiios 
80, 92, 95, 96, 106, 121, 124, 126, 
128,°131) 134; 142 4S Gpeelene 
212, 2115, 210/248) 260, 2rle2er- 
SAE 

Spheriide, 112, 155, 259, 263. 

Spiders, 177. 
Spiders, water, 183. 

Spirodela polyrhiza, 80, 100, 294. 
Spirogyra, 147, 150, 173. 
Sponge, fresh water, 295. 
Spongilla, 177. 
Squaw Island, N. Y., 284. 
Stafford, 119. 
Standley, 294. 
Starfish, 116. 

Statoblast, 150, 151, 165, 170, 181, 
182, 183, 188, 282, 296, 322. 

Staurastrum, 147. 
Sterki, 260, 261, 263. 
Sternroos, 111. 
Stickleback, 150. 
Stickleback, brook, 218. 
Stizostedion canadense, 222. 
Stizostedion canadense griseum, 

Zid 
Stizostedion vitreum, 213. 
Stokes, 296. 
Stonecat, brindled, 177. 
Stone-fly nymph, 58, 102. 
Stone-flies, 304. 
Stone-roller, 167. 
Stonewort, 39, 65, 68, 86, 88, 89, 

99, 100, 292. 
Strawberry Island, N. Y., 284. 
Strepomatide, 170. 
Strophitus edentulus, 59, 102, 106, 

220, 222, 239-241, 255, 256, 259, 
287, 288. 

Strophitus undulatus, 63, 92, 96, 
142, 143, 220, 222, 256, 259, 287, 
288. 

Strophitus, 221, 237, 249, 255. 
Sturgeon, lake, 158, 211-213. 
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_ Sturgeon, short-nosed, 157, 212, 
246, 277, 285. 

Succinea, 191, 212, 286. 
Succinea avara, 87, 105, 271, 286, 

287. 
Succinea retusa, 74, 93, 137, 141, 

286, 287. 
Succineidie, 286. 
pucker 125: 155, 156, 169,. 214; 

Slee 
Sucker Brook, 203, 204. 
Sucker, common, 164, 167, 211-— 

213, 215, 260, 263, 268, 269, 271, 

273, 280, 282. 285, 286, 311; 322: 
Sucker, fine-sealed, 164. 
Sucker, Oneida, 169. 
Sucker, spotted, 164, 211-213. 
Sucker, striped, 164. 
Sunfish, 94, 125, be 184, 202- 

207, 223, 227, 297, 307. 
Sunfish, blue, igo. 
Sunfish, green, 222 
Sunfish, heros, 259, 281. 

Sunfish, long-eared, 183, 205, 
213; 259: 

Sunfish, red-spotted, 222. 
Surber, 219. 
Surirella, 147. 
Surface, 229, 230, 233. 
Syclonema myochrous, 245, 
Synedra, 147. 
Syracuse, 28, 32, 264. 

212, 

TABANIDA, 225, 246. 
Tadpoles, 189, 229. 
Tanrypus, 242. 
Tapeworms, 192, 
Taylor, 32. 
Teal, green-winged, 234. 
Teleodesmacea, 259, 
Terrapin, 230. 
Terrapin, painted, 297, 

199, 238. 

303-305, 
308. 

Tetracotyle tipica, 238. 
Tetragoneuria cynosura, 40, 99, 

304. 
Tetraspora, 147. 
Texas, 199. 
Thierre’s Landing, 70. 
Thisted Bredning, 116. 

Tolypothrix setchellii, 245. 

Tomahawk Lake, Wis., 109, 112, 
251, 253, 255, 256, 259, 260, 265, 
272, 277, 279-283, 287, 288. 

Tortoise, speckled, 233. 
Traverse Bay, 110, 256, 260, 261, 

265, 269. 
Trematoda, 239, 244, 2 

Trachelemonas, 145. 
Trachelemonas lJagenella, 146. 
Triceratium, 147. 
Trichoptera, 195, 209, 305. 
Tropisternus glaber, 59, 74, 94, 

104, 308. 
Trout, brook, 208, 209, 211, 212. 
Trout, brown, 208, 212. 
Trout, Great Lake, 213. 
Trout, Loch Leven, 208, 212. 
Trout, rainbow, 210. 
Tryon, 247. 
Tullibee, 161, 162, 212, 300. 
Turbellaria, 295. 
Turner, 301. 
Turpe, 198, 199. 
Turtle, 45, 323. 
Turtle, map, 233. 
Turtle, musk, 230. 
Turtle, painted, 230. 

Turtle, snapping, 230, 297, 303. 

Turtle, soft-shelled, 230. 

Turtle, western painted, 230. 
Typha, 81, 129, 138, 281, 282. 

‘lypha angustifolia, 34, 36-38, 40, 
43, 44, 48, 49, 52, 53, 65, 68, 80, 

86, 87, 91, 96, 99, 100, 105, 139, 

141, 275, 276, 280, 282, 286, 292. 

Typha latifolia, 149. 
Typhaceer, 292. 

ULorTurRix, 147, 161. 

Ulothrix zonata, 161. 

Umbra limi, 177, 218. 
Unio, 167, 184, 191, 197, 198, 

245. 

Unio EIDnusHS, 288. 
Unionideg,: 112, 134, 155, 163, 173, 

176, 184, 212, 231, 259. 
Unionide, long period, 211. 
Unionidxe, reproduction, 211. 
Unionidew, short period, 211. 
Unionide, summer breeder, 211. 

236, 



Unionidx, winter breeder, 211. 
Urtiea, 82, 286. 

VALLISNERIA SPIRALIS, 39, 44, 50, 

54, 65, 68, 86, 88, 89. 99, 100, 
129, 140, 141, 187, 273, 280, 281, 
285, 293, 321. 

Valvata, 108, 144, 158, 
212, 249, 269, 287. 

Valvata arenifera, 306. 
\alvata bicarinata, 271. 

Valvata bicarinata normalis, 45, 
(LTS: 80885195. 96s 100, NOT, 

IPAS MSS Wa We) WA alters Oe 
lay lifes Palsy wale Osi. Sion] 

Valvata lewisii, 179, 180, 212. 
Valvata sincera, 160, 161, 

180, 212. 

Valvata sincera nylanderi, 148. 
Valvata tricarinata, 42, 60, &0, 

LZ6,3I1e 144. 160 GI V63.9165. 

1682695 LAG LG: WS S6e191: 

ZZ 2b OOM il 2k ee Ses 

Ball. SA 

Valvata tricarinata confusa, 200. 

Valvatide, 269. 

Vaucheria, 144, 147-149, 268-273, 
279, 280, 292. 

Vara, 112. 

Villas County, Wis., 109. 
Vivipara, 159, 164, 168, 169, 173, 

Is, WAR A, sieh, Baily Weil OIG 

249, 264. 

Vivipara contectoides, 42, 84, 86, 

87, 100, 105, 107, 126, 142: 143, 

IS, Qe, Pie 
Viviparidee, 264. 

159, 163, 

179, 

WALKER, 110, 144, 251 
Zit 2s2. 288: 

Walker dredge, 79, 85. 
Walnut Point, 66, 68, 69, 73. 
Walton, 247, 264, 265, 267. 
Wanakena, N. Y., 200, 203. 
Wantry Island, 32. 
Ward, 114, 159, 239. 
Wasp, 231. 
Water-beetle, 59, 104. 

Water-boatman, 225, 304. 

Water-bug, small, 74, 94. 

Index 

Water celery, 39, 44,50, 54, 65; 
68, 86, 88, 89, 99, 100, 140, 187, 
273, 280, 281, 287, 293. 

Water-dog, 229. 
Water-fleas, 155, 179. 
Water lily, see Lily. 
Water milfoil, spiked, 39, 44, 54, 

65, 86, 88, 89, 99, 10u, 295. 
Water-mites, 151, 178, 181, 

240. 
Water-penny, 58, 75, 83, 93, 95, 

104, 309. 

Water-scorpion, 305. - 
Water-strider, 74, 94, 206, 305. 

Water-weed, 39, 44, 50, 54, 65, 68, 
86, 89, 99, 100, 293. 

Water willow, 31, 36-40, 42, 47, 
48, 51, 53, 56, 60, 62-64, 66, 68, 

69; 10572, 76, 77, 81-845 90NOBF 

206, 

94, 198, 998 AS, 2Oreeio secret 

279-282, 285-287, 291, 295. 
Wecekel, 302. 
Weed, A. C., 204. 
Welch, 307. 
Westville, N. Y., 222. 
Whelks, 116. 
Whipple, 296. 
Whitefish, 214. 
Whitefish, common, 159-162, 166, 

211-2138, 260, 263, 268, 269, 271, 
273, 280, 282, 285, 286, 315. 

Whitefish, mongrel, 161. 
Whitefish, round, 162, 212, 213. 

Willow, black, 44, 51, 75, 96, 101, 
294. 

Willow Point, 53, 55. 

Wilson, 145, 241. 
Wisconsin forest reservation, 109, 
Wisconsin ice sheet, 34. 

Wisconsin River, 259. 
Wolffia, 164, 168, 170, 

178. 
Wood Creek, 31. 
Woodruff, 312. 
Worms, 157-159, 163, 173, 181, 

189, 199, 207, 208, 209, 227-229, 
238, 319, 320, 323. 

Worms, round, 231, 232, 296. 
Worm, hair, 242, 296. 

ZETT ISLAND, 86. 
Zonites arboreus, 229, 246. 
Zostera, 117, 118. 

174, 175, 
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FIG. 1. MAP Of THE WEST END OF ONEIDA LAKE (ADAPTED FROM U.S. LAKE SURVEY MAP) 
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